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NUTRITION—RETROSPECT AND PROSPECT 


Somewhat like the child whose eyes were 
larger than his stomach, the writer’s inten- 
tion to review the progress of nutrition in 
1944 far exceeded his capacity to digest the 
literature. He has been obliged, perforce, 
to select a very few topics which are of in- 
terest because of the advances made in 1944 
or of significance because of their import 
in relation to things to come. 

A timely contribution by Mitchell (J. Am. 
Dietet. Assn. 20, 511 (1944)) examines the 
problem of adaptation to undernutrition. 
Current information on food consumption 
in Europe brings this problem to the fore 
just as it did in the midst of the first World 
War. The reports of Alonzo Taylor in 
1916 on nutrition in Germany did much to 
initiate the important study ‘‘Human Vital- 
ity and Efficiency under Prolonged Re- 
stricted Diet” which appeared in 1919 as 
publication no. 280 of the Carnegie Institu- 
tion of Washington. After a weight loss of 
12 per cent, induced by deliberate under- 
nutrition, it was possible to maintain the 
lowered body weight of the 25 young men 
who served as subjects on only 1950 calories 
daily. Explanation was found in the 
marked reduction of basal metabolic rate 
(18 per cent) and in the decrease in energy 
expenditure required for the performance of 
muscular work (23 per cent). The extent 
to which the body can carry this sort of 
adaptation is unknown. There is no evi- 
dence that the detrimental effects arising 
from calory intakes as low as 1500 per 
adult per day are more than transitory 
though much depends upon the duration of 
such undernutrition, the severity of en- 
vironmental conditions, the amount of work 
that is done, and the qualitative adequacy 
of the low calory diet. There can be little 
doubt that the limits of adaptation were 
exceeded on the diets of 950 calories per 


day received by the Spanish and _ Italian 
internees in the camps at Nimes, France. 
Ten thousand men, women, and children 
were the victims of ‘starvation disease.”’ 
In barely 5 per cent of the cases was the 
hemoglobin content in excess of 70 per cent 
of the normal, edema was present in 50 per 
cent, and muscular hypotony and extreme 
weakness almost universal (Zimmer, Weill, 
and Dubois, New Engl. J. Med. 230, 303 
(1944)). The marked reduction in birth 
rates in occupied Europe may be due to 
multiple causes, possibly quite remote from 
wartime undernutrition, but the increase in 
infant mortality rates, in infantile rickets, and 
in tuberculosis among children are probably 
related to undernutrition and malnutrition 
(J. Am. Med. Assn. 125, 76, 299 (1944)). 
In most cases we are at a loss to separate 
the detrimental effects of exposure to severe 
environmental conditions from the adverse 
effects attributable to inadequate diets. 
Adaptation to undernutrition is seldom 
clearcut. Superimposed upon effects at- 
tributable to insufficient calories are the 
aggravating results of qualitative deficien- 
cies. To isolate one from the other in the 
reports that come from occupied Europe is 
almost impossible. Adaptation to some 
qualitative deficiencies appears to be 
achieved if the deficiency is not too acutely 
precipitated. Studies on 1200 Negroes and 
whites in Tennessee on diets that contained 
only 64 to 48 g. of protein daily showed a 
low incidence of hypoproteinemia and edema 
(Youmans and associates, Am. J. Pub. 
Health 33, 955 (1943)). This may be in- 
dicative of adjustment to diets that are 
persistently low in protein but other ex- 
planations are possible. According to 
Mitchell (loc. cit.) there is much experimen- 
tal evidence of adaptation to low calcium 
and low thiamine intakes. Admittedly 
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this phase of the problem is complicated by 
the question of standards. When we read 
that adults in wartime Britain are doing 
well, except for a mild folliculosis, on 1500 
units of vitamin A and 20 mg. of ascorbic 
acid per day (Sydenstricker, J. Am. Dietet. 
Assn. 20, 4 (1944)), we should recall that 
the recommended allowances of the Food 
and Nutrition Board were deliberately 
placed above the levels presumed to be 
minimal. There is nothing in such ob- 
servations and comparisons to suggest that 
adaptation to low vitamin intakes has taken 
place. 

Contrary to popular belief there is a 
body of evidence to the effect that subopti- 
mal diets may be indicated in adult life 
(Nutrition Reviews 2, 261 (1944)). In adult 


‘animals employed in such experiments the 


incidence of tumors was less, susceptibility 
to virus infections was reduced, and re- 
sistance to certain diseases increased (Ibid. 
2, 178 (1944)). According to Sydenstricker 
the common infectious diseases have less- 
ened in incidence in wartime Britain. 
Among children, however, the incidence of 
tuberculosis has risen considerably. None- 
theless, there are the investigations of 
Cannon (J. Am. Dietet. Assn. 20, 77 (1944)) 
and of Cannon, Chase, and Wissler (J. 
Immunology 47, 133 (1943)) which indi- 
cate clearly enough a reduction in anti- 
body production under conditions which 
could be approached by wartime undernu- 
trition. Cannon suggests that a definite 
correlation exists between dietary depriva- 
tion (especially of protein and possibly of 
some essential nonprotein factors) and sus- 
ceptibility to the various infectious diseases 
of war ridden countries. 

One is tempted to digress by pointing out 
that the food rationing programs of Canada, 
Great Britain, and the United States have 
not resulted in unfavorable consequences 
(Nutrition Reviews 2, 317 (1944)). A mild 
hypochromic anemia is the most common 
adverse effect of food restrictions in Britain 
(Mackay, Dobbs, Wills, and Bingham, 
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Lancet II, 32 (1942)), but this has been 
shown to be amenable to ready correction 
through supplementation with iron (see 
also Nutrition Reviews 2, 215 (1944)). In- 
cidentally, supplementation of the diets of 
British schoolchildren with multivitamin 
preparations was reported to have had no 
effect on growth, health, and physical fit- 
ness (Bransby et al., Brit. Med. J. 1, 77 
(1944)). 

It is common knowledge, now abundantly 
borne out by an official report on the sub- 
ject (Bull. National Research Council no. 109 
(1943)), that a large proportion of the 
population of Canada and the United States 
consumes diets that are well below the scale 
of Recommended Allowances of the Food 
and Nutrition Board (for data on Canada 
see Ferguson, Leeson, and McHenry, Canad. 
J. Pub. Health 36, 66 (1944)). It is equally 
well known that clinical examination does 
not permit the conclusion that nutritional 
disease is rampant. If reconciliation is to 
be sought between the results of dietary 
surveys and those of clinical examination the 
scale of recommended allowances would 
have to be revised downwards or clinical 
testing revised upwards. As for the latter, 
Kruse, among others, urges that we must 
be on the alert for such minutiae as minor 
lesions of the cornea, sclera, gums, and 
tongue, and evidence of incipient dysfunc- 
tions of nutritional origin. The real dif- 
ference that exists between optimum nu- 
trition and barely adequate nutrition, 
however difficult may be the precise definition 
of these states, deserves emphasis in this 
connection. 

Whether or not some nutrients listed in 
the recommended allowances have been 
placed at a needlessly high level is still a 
moot question. Perhaps the thiamine al- 
lowance could be placed nearer the level of 
0.23 mg. per 1000 calories as suggested by 
the work of Keys, Henschel, Mickelsen, 
and Brozek (J. Nutrition 26, 399 (1943)). 
The problem has been appraised by Mel- 
nick (J. Am. Dietet. Assn. 20, 516 (1944)). 
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Determination of the thiamine requirement 
is admittedly complicated by bacterial syn- 
thesis in the gut, dependence upon the fat 
content of the diet, a possible interrelation- 
ship with riboflavin (Singher et al., J. Biol. 
Chem. 154, 69 (1944)), and whether the 
end that is sought is prevention or cure of 
mild deficiencies. As for ascorbic acid, 
Géthlin, Frisell, and Lundqvist (Acta med. 
Scandinav. 92, 1 (1937)) would place the 
minimum requirement at 30 mg. per day. 
Whether the recommended allowance need be 
as high as 75 mg. per day is mildly in dispute 
as evidenced by Sydenstricker’s observa- 
tions in Britain. 

To return for a moment to the problem of 
adaptation it is clear that a capacity of the 
organism to adjust gradually to low levels 
of intake of specific nutrients still remains 
unproved. If, however, such a capacity 
exists, it is not improbable, correspond- 
ingly, that gradual adaptation to high 
levels of intake may be possible. This 
has long been demonstrated for high calory 
diets in which case the basal metabolic rate 
increases and the efficient utilization of food 
energy for muscular work decreases. In the 
case of vitamins it is germane to ask if sub- 
jects adapted to high levels of intake of a 
certain vitamin would be thrown into a 
deficiency state, with the characteristic 
clinical manifestations, if the intake were 
abruptly reduced to a more normal level. 
This problem is of practical import but 
appears to have escaped inquiry. 

It is apparent that the problem of essen- 
tial versus unessential amino acids is not 
entirely settled. Rose’s basic investiga- 
tions (Physiol. Rev. 18, 109 (1938)) demon- 
strated that for the purposes of growth in 
the white rat a mixture of ten “essential’’ 
amino acids was necessary. Madden et al. 
(J. Exp. Med. TT, 277 (1943)) reported that 
the same mixture was adequate for the syn- 
thesis of plasma protein by the dog, es- 
pecially if reinforced with glycine (Madden, 
Woods, Shull, and Whipple, bid. 79, 607 
(1944)). Rose’s observations have been 


confirmed by Kinsey and Grant (Science 99, 
803 (1944)). Bauer and Berg (J. Nutri- 
tion 26, 51 (1943)) have reported the supe- 
riority of a protein hydrolysate in experi- 
ments on the growth of mice and a 
corresponding superiority is claimed for pro- 
tein hydrolysates over the essential amino 
acid mixture in the treatment of shock in 
dogs (Elman and Lischer, J. Am. Med. Assn. 
121, 498 (1943)). An interesting contribu- 
tion to the problem is that of Martin 
(Proc. Soc. Exp. Biol. Med. 55, 182 (194.4)) 
who found that interference with the growth 
of bacterial flora, achieved through addition 
of sulfasuxidine, rendered the mixture of “‘es- 
sential’ amino acids completely inadequate. 
The author concludes that one or more 
amino acids not present among the “‘essen- 
tials,” but contained in casein, are capable 
of synthesis by the microorganisms of the 
gut. This may be an indirect effect on 
other nutrients, however, even though on 
the microorganism, via their requirement 
or synthesis of amino acids or vitamins 
made available in turn to the host. 

As for the maintenance of nitrogen 
equilibrium in the adult, several reports 
have appeared (Burroughs, Burroughs, and 
Mitchell, J. Nutrition 19, 363 (1940)) which 
agree that histidine is not essential. These 
observations have been extended to man by 
Rose, Haines, Johnson, and Warner (J. 
Biol. Chem. 148, 457 (1943)) and confirmed 
by Albanese, Holt, Frankston, and Irby 
(Bull. Johns Hopkins Hosp. 74, 251 (1944)). 
The latter describe an abnormality in his- 
tidine metabolism, as reflected by the urine- 
indican reaction, in the experiments with 
histidine deficient diets. 

Huff and Perlzweig (J. Biol. Chem. 155, 
845 (1944)) have described another oxida- 
tive metabolite of pyridoxine—the 4-car- 
boxy derivative (4-pyridoxic acid) of 
pyridoxine. Quantitative data on the ex- 
cretion of this fluorescent product by man 
after dosage with pyridoxine are also pre- 
sented (Science 100, 15 (1944)). The com- 
pound has no “pseudopyridoxine” activity. 
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It appears, however, that pseudopyridox- 
ine has now been identified by Snell (J. Biol. 
Chem. 164, 313 (1944)) as the 4-aldehydo 
and the 4-methylamino derivatives of pyri- 
doxine, described respectively as pyridoxal 
and pyridoxamine. It is possible that 
pyridoxine has to be converted into these 
compounds, their derivatives, or higher 
combinations in order to be functional in 
promoting the growth of microorganisms. 
Scott and associates (Ibid. 154, 713 (1944)) 
find in the lactone of 5-pyridoxic acid a 
substance which promotes the growth of 
young chicks and possesses antianemic 
properties. 

Functions are now assigned to pyridoxine 
or its derivatives in amino acid metabolism. 
Thus pyridoxal, but not pyridoxine, appears 
to play a possible role in the decarboxyla- 
tion of tyrosine by S. faecalis (Gunsalus 
and Bellamy, J. Biol. Chem. 155, 357, 557 
(1944); Briggs, Luckey, Elvehjem, and 
Hart, Jbid. 155, 687 (1944)). In 1948 
Lepkovsky ef al. had shown that xanthurenic 
acid, arising from tryptophane, was ex- 
creted by rats on pyridoxine deficient diets. 
In a continuation of this study (Reid, 
Lepkovsky, Bonner, and Tatum, Jbid. 155, 
299 (1944)) they have shown that of ten 
possible precursors studied, only 1 (-)-trypto- 
phane and kynurenine gave rise to xanthu- 
renic acid. 

Riboflavin in relation to corneal vasculari- 
zation continues to arouse interest. By 
virtue of the relatively high content of ribo- 
flavin in the eye glands and their secretions, 
the work of Philpot and Pirie (Biochem. J. 
37, 250 (1943)) leads to the conclusion that 
corneal vascularization may be the result 
of corneal epithelial injury secondary to 
defective riboflavin metabolism in the 
lachrymal glands. Warkany and Schraf- 
fenberger (J. N utrition 27, 477 (1944)) con- 
tinuing to study certain congenital defects 
and malformations of the skeleton in the rat, 
have been able to show that some at least 
are due to riboflavin deficiency during ges- 
tation. As has been known for some years 
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there are other congenital defects that are 
due to vitamin deficiency. 

A new field of interest in connection with 
biotin has been opened for investigation 
by the discovery of an avidin-biotin-lyso- 
zyme interrelationship (Meyer, Science 99, 
391 (1944); Laurence, Ibid. 99, 392 (1944)). 
Lysozyme is one member of an important 
class of mucolytic enzymes and like avidin 
is a basic protein present in egg white. 
Either lysozyme is an avidin-biotin con- 
jugate or some equally simple relationship 
is indicated. In addition to biotin several 
derivatives thereof are now known to com- 
bine with avidin. Whether there are 
avidin-uncombinable factors (such as miotin 
and tiotin) with biotin-like effects on yeast 
growth remains unproved, though Chu and 
Williams (J. Am. Chem. Soc. 66, 1678 
(1944)) present good evidence for regarding 
the avidin-uncombinable factors of urine 
as biotin itself, made available by the pres- 
ence in urine of substances that interfere 
with the adsorption of biotin by avidin. 

The adsorption and inactivation of biotin 
by avidin is related to the interesting phe- 
nomenon of vitamin inhibition by known 
compounds—a problem which has acquired 
increasing importance in recent months. 
Thus desthiobiotin, biotin sulfone, and other 
related compounds studied by du Vigneaud’s 
group may totally inhibit biotin as present 
in foods and nutrient media. Presumably 
the inhibitor is preferentially adsorbed by 
the enzymatic system ultimately involved 
and biotin, though present, is actually 
unavailable for use. If, however, the organ- 
ism can convert the inhibitor into the vita- 
min (desthiobiotin into biotin) the inhibitory 
capacity is lost and vitamin activity is 
displayed (Dittmer, Melville, and du 
Vigneaud, Science 99, 203 (1944)). 

A striking deficiency disease, manifest in 
dogs, is described by Smith (Science 100, 
389 (1944)). Animals on a vitamin B- 


complex free diet developed a progressive 
ascending paralysis which despite the ad- 
dition of virtually all other members of the 


, 
ef. 
if |_| 
bo 
A 4 
PM 
3 
i 
ek? 
we 
wid.’ 
$ 
fa 


1945] NUTRITION REVIEWS 69 


B-complex could not be prevented or suc- 
cessfully treated except through the inclu- 
sion of yeast or biotin. 

Sealock and co-workers present additional 
evidence that the oxidative metabolism of 
phenylalanine and tyrosine is dependent 
upon ascorbic acid. Earlier studies had 
shown that these amino acids were only 
partially oxidized when administered to as- 
corbic acid-deficient guinea pigs; metabolic 
intermediates were excreted, only to disap- 
pear on administration of ascorbic acid. 
Experiments with tissue slices are now 
shown to lend confirmation to the earlier 
work (Ho Lan and Sealock, J. Biol. Chem. 
155, 483 (1944)). In work by Briggs, 
Luckey, Elvehjem, and Hart (Proc. Soc. 
Exp. Biol. Med. 55, 130 (1944)) ascorbic 
acid, known to be synthesized by the chick, 
is found nevertheless to stimulate growth 
when added to a synthetic ration. The 
dose used was large and arabinose seemed to 
be equally effective. 

A few papers relating to hypervitaminosis 
A, first described by Davies and Moore in 
1934 (Biochem. J. 28, 288 (1934)) have ap- 
peared. The toxicity of polar bear liver 
is now shown (Rodahl and Moore, Ibid. 


37, 166 (1943)) to be referable to hyper- 
vitaminosis A: about 2.3 g. of vitamin A 
(7,500,000 1. u.) are present in a good sized 
serving. The toxicity of telang liver (livers 
from catthe with telangiectasis) appears 
(Herbst, Paveek, and Elvehjem, Science 
100, 338 (1944)) to be due to excessive 
vitamin A, for in weanling rats identical 
symptoms (growth failure and multiple 
spontaneous fractures of the bones) were 
observed following crystalline vitamin A in 
comparable doses. In a 3 year old child 
who for thirty-three months had received 
240,000 1.v. of vitamin A daily, symptoms 
are described by Josephs (Am. J. Dis. Child. 
67, 33 (1944)) that are suggestive of hy- 
pervitaminosis A. Improvement set in 
promptly on withdrawing the extra vitamin 
A from the diet. 

The exigencies of space have not per- 
mitted a review of papers on the blood 
dyscrasias and on liver fat, two subjects to 
which there have been numerous contribu- 
tions in the past year. 

J. Murray Luck, 
Professor of Biochemistry, 
Stanford University, 
California. 


NUTRITIONAL DEFICIENCY AND SUSCEPTIBILITY TO POLIOMYELITIS 
AND OTHER INFECTIONS 


Foster, Jones, Henle, and Dorfman (J. 
Exp. Med. 79, 221 (1944)) reported studies 
in which it appeared that the resistance of 
mice to the Lansing strain of poliomyelitis 
virus was increased by a diet deficient in 
vitamin B,;. In such resistant animals a 
prolonged incubation period was observed 
and there was a decrease in the incidence of 
paralysis and death following intracerebral 
inoculation with the virus. It was later 
observed by these workers that restriction 
of the intake of a complete diet or restric- 
tion of caloric intake from carbohydrate 
while maintaining the intake of other dietary 
components, augmented the resistance of 


the mice. Similar findings have been re- 
ported by Rasmussen, Waisman, Elvehjem, 
and Clark (J. Infect. Dis. T4, 41 (1944)). 
In a later report (J. Exp. Med. 80, 257 
(1944)) Foster, Jones, and Dorfman make a 
direct comparison to determine the relative 
effectiveness of thiamine deficiency and food 
restriction. This was done by use of the 
paired feeding technic. Two hundred mice 
from 50 litters were used. These were 
divided intofour groups. Two of the groups 
were placed on a diet containing only 10 
micrograms of thiamine per 100 g. of diet 
whereas the other two groups were given a 
diet containing 100 micrograms. In divid- 
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ing the animals into groups care was taken 
to match the weights of the litter mate pairs. 
The first of the two groups receiving a 
thiamine poor diet served as a basis for the 
amount of food given the mice’in the re- 
maining groups. The amount of food con- 
sumed was carefully measured and each 
litter mate in the other three groups was 
then fed the same amount of diet as was 
consumed by the corresponding animal in 
the first group. Account was taken of food 
spilled by animals. In addition to these 
four groups, there was a fifth derived from 
closely related mice (but not litter mates) 
which was given an unlimited amount of the 
diet together with 100 micrograms of thi- 
amine per 100 g. of diet. Thirteen days after 
the start of the experiment, poliomyelitis 
virus was inoculated in the mice of one of 
the thiamine-poor groups, in those of one 
of the thiamine-adequate but food restricted 
groups, and in those of the unrestricted 
group. Normal brain suspension was in- 
jected in the remaining two groups. These 
mice were observed throughout the day and 
night as long as the experiment continued. 
This was done with the animals injected 
with normal brain as well as with those 
given infected brain. 

The results of this carefully controlled 
experiment seemed to be quite clearcut. 
During the first part of the experiment, the 
death rate among the animals given un- 
restricted diets was much higher than in 
either of the other two groups. The maxi- 
mum difference came at about the fifteenth 
day after inoculation when 73 per cent of 
the animals in the unrestricted group were 
dead as compared with 34 per cent in the 
group fed a restricted complete diet and 16 per 
cent in the group given the thiamine-poor 
diet. The difference between these groups 
continued throughout the experiment, which 
lasted twenty-eight days. At about the 
seventeenth day of the experiment the 
difference in the death rate of the animals 
in the thiamine-poor and the food restricted 
groups became maximal, hut this was never 


NUTRITION REVIEWS 


[March 


as great as that between these two groups 
and the animals fed unrestricted diets. It 
appears, however, that the effect of thiamine 
deficiency on the action of the virus of polio- 
myelitis is not due solely to the resulting 
anorexia. 

A similar decreased susceptibility to in- 
duced infection was noted by West, Bent, 
Rivera, and Tisdale (Arch. Biochem. 3, 
821 (1944)) who studied infection with 
type I pneumococci in pantothenate-defi- 
cient rats. Robinson and Siegel (J. Infect. 
Dis. 75, 127 (1944)) have also reported 
studies on the influence of B-vitamins on 
the resistance of rats to induced pneumo- 
coccal lobar pneumonia. 

Robinson and Siegel studied the role of 
riboflavin, thiamine, pyridoxine, and panto- 
thenic acid. For the first, 200 male adult 
rats were divided into four groups of 50 
rats each and these were given, respec- 
tively, a basal diet lacking riboflavin, a 
similar diet fed ad libitum but supple- 
mented with adequate doses of riboflavin, 
the same diet supplemented with riboflavin 
but restricted to the amount taken by the 
first group, and finally a group of rats fed 
an adequate stock diet. After thirteen to 
sixteen weeks, when marked deficiency had 
been produced, a strain of Diplococcus pneu- 
moniae type I was inoculated, with mucin, 
into the trachea. Observations were made 
as to (1) the time interval between the 
inoculation of pneumococci and death of 
the animal; (2) the number of deaths occur- 
ring in each group; (3) the type of lesion 
found upon autopsy; and (4) the general 
clinical picture of the animal during the 
period following the bacterial inoculation 
until death. 

The data indicated that the infection 
progressed with greater rapidity and pro- 
duced a higher incidence of mortality in 
rats fed adequate stock diet than in rats of 
all the other groups. Riboflavin-deficient 
rats showed essentially the same resistance 
as the animals fed the same “synthetic” 
diet supplemented with adequate amounts 
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of riboflavin. Ninety-three per cent. of the 
animals fed the stock diet died within the 
seven day observation period, with an 
average of three and a half days elapsing 
between the bacterial inoculation and death. 
In these animals there was little or no lung 
consolidation and an early bacteremia, 
such as is seen when large numbers of pneu- 
mococci are injected. The mortalities in 
the riboflavin deficient group, on the other 
hand, as well as in the two other groups 
receiving the synthetic diet, were 56, 66, 
and 50 per cent respectively with an average 
of 4.0, 4.4, and 4.6 days between the in- 
fection and death. Similar studies were 
made of the role of deficiencies of thiamine, 
pyridoxine, and pantothenic acid. Thia- 
mine and possibly pyridoxine-deficient rats 
seemed to be somewhat less resistant to the 
infection than rats fed the same quantity 
of diet containing these vitamins. Here 
again, however, the rats fed the normal stock 
diet ad libitum were among the least re- 
sistant of all the groups. 

In protozoan infections somewhat similar 
observations have been made. Reiner and 
Paton (Proc. Soc. Exp. Biol. Med. 30, 345 
(1932)), for example, found that rats fed a 
diet deficient in the B-vitamins survived 
an induced infection with Trypanosoma 
equiperdum as long or longer than normal 
rats. Trager’s studies of the influence of 
biotin deficiency and of pantothenic acid 
deficiency on infection with Plasmodium 
lophurae were reviewed earlier (Nutrition 
Reviews 1, 362 (1943)). Seeler and Ott now 
report the effect of riboflavin deficiency on 
the course of this type of infection in 
chicks (J. Infect. Dis. 75, 175 (1944). 
Their animals were fed a basal diet deficient 
only in riboflavin content. Counts of the 
extent of parasitization of red cells after 
inoculation with P. lophurae revealed a 
striking difference in the various groups. 
In two experiments, the average percentage 
of parasitized cells in riboflavin-deficient 
birds rose to only a fifth of that found in the 
birds receiving an adequate amount of the vi- 


tamin. Birds receiving a diet of intermediate 
riboflavin content showed an intermediate 
degree of parasitization. Furthermore, 
the administration of riboflavin to ribo- 
flavin deficient birds already infected was 
followed by an increase in the degree of 
parasitization. Another experiment designed 
to study the effects of food restriction 
revealed as high or higher a parasite count 
in the inanition controls than that in birds 
allowed to eat at will. Thus the reduced 
parasite count in riboflavin deficient chicks 
was not attributable to the associated in- 
anition. It is of interest that the adminis- 
tration of riboflavin to birds that were not 
deficient in this vitamin was not associated 
with an aggravation of the infection. 

Not all studies, however, have shown a 
higher incidence of infection in healthy 
animals as compared with deficient ones. 
Thus Pinkerton and Bessey (Science 89, 
868 (1939)) reported that riboflavin defi- 
ciency greatly lowered the resistance of rats 
to endemic typhus. Likewise Wooley and 
Sebrell (Pub. Health Reports 57, 149 (1942)) 
found that mice fed a riboflavin-deficient 
diet succumbed more rapidly to the intra- 
peritoneal injection of virulent pneumococci 
than normal mice. 

Judgment must be reserved as to the sig- 
nificance of these various studies. In re- 
gard to their application to man it must be 
kept in mind that species differences in 
reaction to infection are likely to be found. 
Furthermore, it should be pointed out that 
these experiments have been concerned with 
induced infections rather than spontaneous 
ones. It has been the common impression 
that the incidence of spontaneous infections 
has been higher in animals and in man fed 
deficient diets as compared with the in- 
cidence of infections in normal individuals. 
We have been accustomed to think of dis- 
ease developing under conditions of want, 
malnutrition, and filth. Of course this is 
not always the case. It is therefore not 
altogether surprising that a diet which is 
more efficient in producing growth in an 
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animal appears also to be more suitable for 
producing conditions necessary for the de- 
velopment of certain infections. 

An observation by Robinson and Siegel in 
the study already referred to is worth men- 
tioning. Seeking an explanation for the lower 
incidence of induced infection in deficient 
animals, they measured the vitamin con- 
tent of the liver to determine whether 
vitamin deficiency depletes the host to a 
point where the tissues will not support the 
growth of the invading bacteria. Their 
measurements indicated, however, that the 
livers of their animals still contained ample 
amounts of riboflavin, pantothenic acid, and 
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thiamine, if judged by the growth require- 
ments of L. casei in vitro. These data are 
interesting but certainly not sufficient to 
support the assumption of the authors that 
vitamin deficiency of the host’s tissues to 
the point where they will not support growth 
of the invading bacteria is an unlikely ex- 
planation for the resistance to infection 
shown by the deficient animals. It is 
probable that nutritional requirements for 
type I pneumococcus growing in vivo are 
different from L. casei in vitro and the vita- 
min content of the liver is probably much 
higher than that of the infected lung and 
lymphoid tissue. 


THE FUNCTION OF PYRIDOXINE IN AMINO ACID METABOLISM 


The elucidation of the biochemical func- 
tion of a vitamin must be regarded as a 
milestone in the more complete understand- 
ing of nutrition. In the case of pyridoxine 
this goal has been closely approached by 
reports on the role of this vitamin in the 
metabolism of the amino acids tryptophane 
and tyrosine. 

The relationship of pyridoxine to trypto- 
phane metabolism was suggested by the dis- 
covery of Lepkovsky and Nielsen (J. Biol. 
Chem. 144, 135 (1942)) that the urine of 
pyridoxine deficient rats, when treated with 


‘iron ammonium sulfate, yielded a green 


pigment. The precursor of this green pig- 
ment was later identified (Lepkovsky, 
Roboz, and Haagen-Smit, /bid. 149, 195 
(1943)) as xanthurenic acid, a compound 
which had been previously recognized as a 
product of tryptophane metabolism. Ky- 
nurenine has also been recognized as a 
product of tryptophane metabolism, prob- 
ably an intermediate in the formation of 
xanthurenic acid (Kotake and Ité, J. 
Biochem. (Japan) 25, 71 (1987)). 

Wintrobe and co-workers (Bull. Johns 
Hopkins Hosp. 72, 1 (1943)) have confirmed 
the presence of the pigment-producing sub- 
stance in the urine of pyridoxine deficient 


swine, and Cartwright et al. (/bid. 76, 
35 (1944)) in the same laboratory have ex- 
tended this study to a measurement of both 
xanthurenic acid and kynurenine excretion. 
Determination of the latter includes sub- 
stances precipitable by mercuric sulfate and 
containing labile amino groups. It was 
found that “kynurenine”’ excretion in pyri- 
doxine deficient swine varied with the tryp- 
tophane intake and that it diminished and 
finally disappeared after administration of 
pyridoxine. The excretion of xanthurenic 
acid varied in a similar way with trypto- 
phane and pyridoxine intake as in the case 
of “kynurenine.”’ 

During the development of pyridoxine 
deficiency, it was of interest to note that 
the appearance time of xanthurenic acid 
could be correlated with the onset of the 
anemia which occurs in pyridoxine de- 
ficiency, but thereafter the amount present 
did not correlate with the degree of anemia. 

Cartwright and co-workers also noted the 
formation of a deep rose red color upon 
acidification of the urine of pyridoxine 
deficient swine. The authors conclude that 
the red pigment is most probably urorosein. 
Its invariable association with pyridoxine 
deficiency and its disappearance after ad- 
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ministration of pyridoxine again indicates 
a fundamental relationship of pyridoxine 
to the metabolism of tryptophane. 

Reid, Lepkovsky, Bonner, and Tatum 
(J. Biol. Chem. 155, 299 (1944)) have also 
studied the excretion of xanthurenic acid 
in pyridoxine deficient rats, particularly 
with the view of determining the pathway of 
tryptophane metabolism to xanthurenic 
acid. The substances d- and |-tryptophane; 
the pyruvic, lactic, acetic, and propionic 
derivatives of indole; kynurenine, kynurenic 
acid, and indole + serine were administered 
and the excretion of xanthurenic acid meas- 
ured. Of these only l-tryptophane and 
kynurenine appeared to yield xanthurenic 
acid, and excretion of the latter was dimin- 
ished by administration of pyridoxine. 
These reports indicate the sequence trypto- 
phane — kynurenine — xanthurenic acid, 
and it may be postulated that the metab- 
olism of the latter compound requires pyri- 
doxine. 

In a somewhat different manner, Gunsalus 
and Bellamy at Cornell University have 
demonstrated the direct participation of 
pyridoxine in the decarboxylation of ty- 
rosine by bacteria. In their first paper 
(J. Biol. Chem. 155, 557 (1944)) it was 
shown with a strain of Streptococcus faecalis 
that although maximum growth and gly- 
colytic activity of the culture could be ob- 
tained with fairly low concentrations of 
pyridoxine in the medium, the maximum 
activity for decarboxylation of tyrosine was 
reached only with much greater pyridoxine 
concentrations. The ‘“pseudopyridoxine”’ 
compounds obtained from pure pyridoxine 
by autoclaving with cystine (Snell, Proc. 
Soc. Exp. Biol. Med. 61, 356 (1942)) and 
by treatment with peroxide (Carpenter, 
Elvehjem, and Strong, Jbid. 64, 123 (1943)), 
both of which can replace pyridoxine for 
the growth of certain lactic acid bacteria, 
were also tested for activity on the tyrosine 
decarboxylation system. Particularly clear 
and positive results were obtained with 
Streptococcus lactis R, an organism which 


can be grown without pyridoxine provided 
sufficient alanine is present in the medium, 
and when so grown has a very low decar- 
boxylase activity. The activity of ‘‘pseudo- 
pyridoxine” is far greater than that of 
pyridoxine itself; in fact, the activity of 
pyridoxine was attributed to traces of the 
active product which accumulated in pyri- 
doxine solutions even upon standing in the 
refrigerator or upon aeration. 

These workers then had the opportunity 
of testing pyridoxal and pyridoxamine 
which had been indicated by Snell (J. 
Biol. Chem. 164, 313 (1944); Nutrition Re- 
views 3, 63 (1945)) as the pyridoxine deriva- 
tives responsible for ‘pseudopyridoxine’”’ 
activity. Pyridoxal, but not pyridoxamine, 
was shown to cause a marked stimulation 
of the bacterial decarboxylation of tyrosine. 
Gunsalus, Bellamy, and Umbreit (J. Biol. 
Chem. 155, 685 (1944)) have now extended 
their observations to show that pyridoxal 
must be phosphorylated to be active as a 
coenzyme in the tyrosine decarboxylation 
system. While the bacterial culture could 
utilize pyridoxal for tyrosine decarboxyla- 
tion, a dried preparation was only slightly 
stimulated. The addition of adenosine tri- 
phosphate, a phosphate donor, was able to 
make pyridoxal available for coenzyme 
action in the dried preparation. An active 
phosphate derivative of pyridoxal was also 
prepared synthetically by thionyl chloride 
condensation and coupling, and more simply 
by treatment with phosphoric acid in the 
cold. 

These investigations leave little doubt 
therefore that the vitamin pyridoxine is a 
precursor of the coenzyme functioning in 
the decarboxylation of tyrosine by bacteria. 
It is still a question as to the significance of 
this vitamin and the decarboxylation reac- 
tion to the physiology of animals and man. 
Decarboxylation of tyrosine only leads to 
the toxic tyramine, and attention was called 
to the relation of hypertension to tyrosine 
metabolism and toxic amines. Gunsalus 
and co-workers have thus far reported only 


| 
| 


, 


x 


74 


on tyrosine decarboxylation; other decar- 
boxylation reactions may be equally de- 
pendent on pyridoxine. In this sense the 
role of pyridoxine in tryptophane metab- 
olism, described in the preceding part of 
this review, may be elucidated. Supported 
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by the expected specificity of coenzyme 
action, it does not seem impossible that the 
further metabolism of xanthurenic acid 
(which contains a carboxyl group) may 
involve a decarboxylation dependent on 
pyridoxal-phosphate. 


DIETARY FACTORS AND SHOCK 


The treatment of wound shock on a 
large-scale with blood plasma is widely 
recognized as one of the great medical 
victories of recent years. The blood donor 
service of the American Red Cross, the 
tremendous advances in the processing 
of the plasma, and the wonders achieved 
by its use on the battlefields need no elabora- 
tion here. Careful students of the subject 
of shock have repeatedly emphasized, how- 
ever, that the problem has not been entirely 
solved. The injection of plasma probably 
represents a correction of only one of the 
fundamental defects underlying the state 
of shock, albeit the most important one. 
This fact detracts in no way from the 
importance of this form of treatment 
but it does suggest the possibility that 
other measures might prove to be valuable 
adjuncts. It has now been reported and 
confirmed that therapeutic benefits have 
resulted from the use of saline in different 
types of shock and from the use of certain 
liver extracts in shock due to scalding. It 
has also been reported that thiamine and a 
high meat diet have proved beneficial in 
shock due to hemorrhage. That dietary 
factors have been found to exert a pro- 
found influence on the clinical course of 
shock in experimental animals and, in some 
instances, in human beings is of great in- 
terest to students of nutrition. 

If not a prerequisite, at least a most de- 
sirable tool for the evaluation of therapeutic 
measures is the production of standardized 
shock in small laboratory animals. This 
has been accomplished by Rosenthal (Pub. 
Health Reports 67, 1923 (1942)) and Prinz- 


metal, Hechter, Margoles, and Feigen (J. 
Am. Med. Assn. 122, 720 (19438); J. Clin. 
Invest. 23, 795 (1944)) for shock resulting 
from scalding; by Rosenthal (Pub. Health 
Reports 58, 513, 1429 (1943)) for traumatic 
shock; and by Tabor, Kabat, and Rosenthal 
(Ibid. 59, 637 (1944)) for shock due to 
hemorrhage. Rosenthal and co-workers 
used mice as experimental animals while 
Prinzmetal et al. employed both rats and 
mice. 

The methods employed in the two labora- 
tories for the production of shock from scald- 
ing were very similar. The etherized animal 
was immersed, except for the head and 
neck, in water maintained at a constant 
scalding temperature for a carefully con- 
trolled interval of time. The time and tem- 
perature were so regulated that most of the 
animals recovered from the acute effects 
but a large proportion succumbed within 
two or three days with the typical manifes- 
tations of shock. 

Rosenthal produced traumatic shock in 
mice by means of the tourniquet method. 
Rubber bands were applied to both thighs 
by a uniform procedure and were removed 
after a measured interval of time. Shock, 
when it developed, appeared within a few 
hours after removal of the tourniquet. If 
the rubber band was applied for as long as 
twenty-four hours, no evidence of shock was 
seen, while two to three hours of application 
gave the maximum percentage of fatalities 
from this cause. For experiments involving 
therapy a two hour time interval was 
chosen. 

Tabor et al. obtained standardized hemor- 
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rhage in mice by removing calculated 
amounts of blood from animals of a given 
weight range. Female albino mice of 13 to 
20 g. were employed. 

The outstanding finding of Rosenthal 
and collaborators was the great effectiveness 
of sodium salts in reducing the mortality 
of shock. Sodium chloride, acetate, suc- 
cinate, bicarbonate, and lactate were equally 
effective. Potassium chloride was either 
without effect (in shock from hemorrhage) 
or definitely deleterious (in shock from 
scalding). Isotonic solutions of sodium 
chloride appeared to be superior to hyper- 
tonic solutions and oral administration was 
fully as effective or superior to intraperi- 
toneal or intravenous injection. Definitely 
startling was the finding that mouse serum, 
given intravenously, was never superior to 
an equivalent amount of normal saline by 
mouth. Also, the protein free ultrafiltrate 
of mouse serum was found to be as active 
as the original serum in reducing the 
mortality from traumatic shock. Tabor, 
Kabat, and Rosenthal concluded that the 
experimental evidence seems to justify the 
clinical trial of sodium salts administered 
in isotonic solution in part or entirely by 
mouth in amounts up to 10 per cent of body 
weight, in the treatment of burn shock, 
traumatic shock, and hemorrhage. They 
suggest that in war casualties, particularly 
where intravenous medication is not im- 
mediately available, the procedure may be 
of value as a first-aid measure. 

Fox (J. Am. Med. Assn.12A, 207 (1944)) has 
reported the successful clinical trial of oral 
sodium lactate in the treatment of burn 
shock. Patients admitted to the hospital 
for thermal burns were immediately given 
large amounts of chilled isotonic sodium 
lactate solution by mouth and further 
amounts were given at fifteen minute inter- 
vals. In all, approximately 7 to 10 liters 
of this solution were given within the first 
twenty-four hours. Vomiting was treated 
by administration of more fluid. No plasma 
(except a small amount in the first 2 cases) 
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was administered. In 23 cases of full thick- 
ness burns and a number of additional 
cases less severely injured, there was but 
one death and that occurred within four 
hours following admission. The author 
concludes that the results were so successful 
that they warrant further extensive trial of 
this therapy. 

Prinzmetal and co-workers, studying 
shock due to scalding, have corroborated 
the findings of Rosenthal as to the therapeu- 
tic effectiveness of saline. In addition they 
found the value of saline to be enhanced by 
certain liver extracts given prophylactically. 
The liver extracts used were those displaying 
antipernicious anemia activity but the 
“antiburn shock factor’? was shown not to 
be identical with the antipernicious anemia 
principle. The substance effective against 
burn shock appears to be adsorbed by 
“superfiltrol,” precipitated by acetone or 
ethanol and not readily destroyed by heat 
or aeration. 

Haterius and Glassco (Federation Pro- 
ceedings 3, 17 (1944)) have corroborated cer- 
tain of the findings of Prinzmetal et al. 
Rats injected with liver extract one hour 
before scalding showed a 24.25 per cent 
mortality during the ensuing fifty hours. 
Control animals injected with equivalent 
quantities of saline solution showed 57.25 
per cent mortality, and uninjected control 
animals 66.00 per cent. 

Govier and Greer (J. Pharmacol. Exp. 
Therap, 72, 317, 321 (1941)) have studied 
the effect of thiamine on the survival time 
of dogs with shock induced by hemorrhage. 
All of the animals succumbed but the aver- 
age survival time of the thiamine treated 
animals was 2.4 times that of the controls. 
The authors showed that the administra- 
tion of thiamine resulted in a return to nor- 
mal of the elevated keto acid, blood sugar, 
and blood lactic acid levels which occur in 
shock. In a subsequent study, Govier 
(Ibid. T7, 40 (1948)) reported that dogs 
with a high level of plasma thiamine proved 
to be more resistant to the onset of shock 
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than were those with a low plasma thiamine. 
Grieg and Govier (Ibid. 79, 169 (1943)) 
showed that in shock a dephosphorylation 
of cocarboxylase occurs and that thiamine 
therapy results in a resynthesis of cocar- 
boxylase. They explained on this basis 


_ their observation that dogs with normal 


plasma thiamine values subjected to hemor- 
rhage were benefited by thiamine therapy. 

Elman and Davey (Proc. Soc. Exp. Biol. 
Med. 56, 208 (1944)), using dogs and a 
similar bleeding technic, found that a diet 
of horse meat for the three or five weeks im- 
mediately preceding the hemorrhage pro- 
tected the animals to some extent against 
the resulting shock. The average survival 
times of animals which had been on a non- 
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protein regimen was 3.3 hours, of those 
which had received a ‘normal’ ration 3.7 
hours, and of those which had received the 
horse meat for three or five weeks 4.5 and 
4.8 hours respectively. The authors reached 
no definite conclusions as to the ingredient of 
the meat which is responsible for this effect. 

Improvements in the treatment of shock 
have great significance for times of peace 
as well as times of war. There will be many 
instances where shock is threatened because 
of fires or accidents and plasma or blood 
transfusions are not immediately available. 
It appears that saline, at least, should have 
a thorough clinical trial and might be used 
in all cases where other forms of treatment 
are not at hand. 


NUTRITION SURVEY OF A RURAL POPULATION IN TENNESSEE 


Farlier reports have dealt with the general 
objectives of the nutrition survey in Ten- 
nessee and with the findings on the calory, 
protein, and vitamin A supplies of the popu- 
lation (Nutrition Reviews 1, 302 (1943); 2, 
76, 312 (1944)). The latest paper of the 
series (Youmans and associates, Am. J. 
Pub. Health 34, 1049 (1944)) deals with the 
vitamin D and calcium nutrition of the 
population. The data include the es- 
timated dietary intake of vitamin D and 
calcium, the medical history and physical 
examination, the laboratory determination 
of blood serum phosphatase, phosphorus, 
and calcium, and x-rays of certain bones of 
the wrist, forearm, ankle, and leg. 

The intakes of vitamin D are not re- 
ported, on account of the difficulty of de- 
ciding upon the adequacy of the intake, 
owing to lack of knowledge of the supply 
obtained from the action of sunlight. It is, 
however, of interest to note that less than 
one sixth of the children from 1 to 3 years 
old were ingesting as much as 100 1.v. daily. 
The intake of calcium is reported for 752 
white and 372 Negro subjects. Eighty-one 
white subjects (26 under the age of 16 years) 


and 90 Negroes (42 under the age of 16 years) 
were found to ingest less than 0.3 g. of cal- 
cium daily. It is also stated that 68 per 
cent of the white and 87 per cent of the 
Negro subjects “had deficient intakes ac- 
cording to the recommended allowances of 
the Food and Nutrition Board.” This 
statement, however, is somewhat mislead- 
ing, since the Recommended Dietary Allow- 
ances were set up as a “tentative goal to- 
ward which to aim in planning practical 
dietaries” (National Research Council Re- 
print & Circular Series no. 115, 3 (1948)), 
and not as an absolute standard by means 
of which the adequacy or deficiency of an 
intake could be gauged. It is therefore 
permissible to state only that the given 
high percentages of the population ingested 
less than the recommended allowances of 
calcium, and the authors’ discussion of 
adequate and deficient intakes of calcium 
must be considered with that in mind. 
There is no doubt that deficient intakes of 
calcium were observed, particularly among 
the Negro children, but the number is un- 
doubtedly less than the authors infer, be- 
cause they used a criterion designed for a 
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“tentative goal toward which to aim...” 
and not one below which a deficiency neces- 
sarily exists. 

The criteria used in the detection of 
vitamin D deficiency (rickets) were three: 
clinical signs and symptoms, including cran- 
iotabes, bony deformities, potbelly, and 
muscular weakness; x-ray evidence; and 
raised blood phosphatase, the upper limit 
of normal being taken as 12 Rodansky units 
per 100 ml. serum. The presence of one 
or more of these signs was taken to indicate 
rickets, and on this basis 35 subjects showed 
evidence of the deficiency. Twenty-three 
of these subjects were less than 3 years old 
(23 per cent of all in this age group) and 12 
were from 3 to 12 years old (5 per cent of all 
in this age group). However, as the authors 
point out, it is diff cult to decide whether all 
these subjects really were rachitic. 

_ Of the 12 subjects showing clinical signs 

and symptoms, all were under 3 years of 
age, as was to be expected; but the x-ray 
plates showed evidence of active rickets in 
only 3 of them, although in 2 more they 
suggested healed rickets. Moreover, in the 
7 for whom the determination was made, the 
serum phosphorus was found to be normal, 
and in each of the 4 whose serum was ex- 
amined for phosphatase it was normal. 
Even in this group showing clinical signs, 
no case was observed with a decreased 
phosy horus or an elevated phosphatase, and 
therefore the diagnosis of active rickets 
remains doubtful. However, as the authors 
point out, in this age group a definite diag- 
nosis of healed rickets is important, as it 
proves that the deficiency has occurred 
during the early and most susceptible years 
of life. 

Eleven subjects showed x-ray evidence of 
active rickets without clinical signs; 9 of 
these were less than 1 year old, and the other 
2 were 8 and 9 years of age respectively. 
The laboratory data on the blood of these 
subjects were unfortunately fragmentary, 
and the only evidence of abnormality was, 
that of 4 examinations for phosphatase, 


one was found to be elevated. Finally, a 
group of 12 subjects showed an elevated 
phosphatase in the absence of either clinical 
or x-ray signs. However, since only 2 of 
the 12 had a phosphatase level over 15 
Bodansky units per 100 ml., since 10 of 
them were 5 years of age or older, and since 
serum phosphate estimations were made 
on all of them and none was found below 
normal, it must be concluded that the 
evidence that any of them had rickets is 
unreliable. The authors themselves point 
out that high phosphatase levels in chil- 
dren over 3 years of age are of undetermined 
significance, and suggest that they indicate 
the presence of osteomalacia rather than 
rickets. This however appears to be equally 
improbable, because there are a number of 
causes unrelated to any deficiency which will 
cause an elevation of the serum phosphatase, 
and in this group no depressed serum phos- 
phate or calcium level was observed. 

This report serves to underline the ex- 
treme difficulty of determining with reason- 
able certainty whether vitamin D deficiency 
exists, except when it is severe. Similarly 
the data concerning the incidence of cal- 
cium deficiency among the adult subjects 
show that the same type of difficulty is en- 
countered. Four women were considered 
to show clinical signs and symptoms of 
calcium deficiency, as well as x-ray evidence 
of osteoporosis. Fifty-seven other subjects 
(35 women, 33 of whom were over 40 years 
old, 13 men, 3 boys, and 6 girls) showed an 
osteoporosis on x-ray examination, but in 
none of them was it severe. However, as 
the authors observe, ‘‘osteoporosis of a grade 
exhibited by those subjects is believed to 
occur in old age and in women at and after 
the menopause, unrelated to calcium de- 
ficiency,” and since most of their subjects 


with osteoporosis fell into one or another of 
these groups, they concluded that few if 
any suffered from calcium deficiency. 
Fourteen subjects with no clinical or x-ray 
signs had a serum calcium below 9 mg. per 
100 ml., but again the authors consider 
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that for the majority of these the result is of 
no physiologic significance. 

The difficulties encountered in the inter- 
pretation of the data presented by Youmans 
et al. emphasize once again that we do not 
yet possess “readily utilizable diagnostic 
tools for the mass discovery of slight de- 
viations from normal nutrition,” to use the 
words of Parran (Proceedings, Research Con- 
ference on the Relation of Nutrition to Public 
Health, p. 16, Nutrition Foundation, New 
York (1943)). This view was reiterated at 
that same conference by a number of the 
active workers in this field of nutrition. 

It is necessary to have definite criteria of 
deficiency of each essential nutrient, and to 
avoid the use of single signs which are not 
pathognomonic of the deficiency condition, 
such as the elevated phosphatase level or the 
osteoporosis observed in this study. Fur- 
thermore, it is essential that it be established 
by studies of the human being that there is 


78 NUTRITION REVIEWS 


[March 


close correlation between the presence of the 
criteria used and clinical evidence of im- 
paired function or health. Unless such 
correlation has been demonstrated, then 
one is justified in concluding that the 
criteria do not indicate any significant 
abnormality. This whole question of nor- 
mality has been clearly discussed by Ivy 
(Quart. Bull. Northwestern Univ. Med. School 
18, 22 (1944)) who shows that the term 
normal is used in four different ways. That 
which appears to be pertinent to the present 
discussion is the “clinical” view of normal- 
ity, which, as Ivy states, ‘views the mild 
imperfections of the body as normal.’”’ Un- 
less the imperfection, such as the elevated — 
blood phosphatase or the osteoporosis re- 
ported by Youmans ef al., is accompanied 
by, or leads to, a disturbance manifested by 
symptoms, then it is not regarded as a 
departure from good health. 


THE RELATIONSHIP OF PROTEIN DEFICIENCY TO INFECTION 


Comparatively little consideration has 
been given to the function of proteins in the 
prevention or amelioration of infection. 
One would expect that profound undernu- 
trition and its concomitant depletion of the 
protein reserves should influence adversely 
the mechanisms of natural resistance, since 
a protracted period of protein deficiency 
leads eventually to marked atrophy of the 
liver, spleen, bone marrow, and lymphoid 
tissues—tissues from which most of the phag- 
ocytic cells originate. One might theorize 
that absence of protein stores might inter- 
fere with construction of leucocytic reserves. 
Again, with reference to acquired resistance, 
it would seem that the capacity of the anti- 
body mechanism to respond effectively 
might depend in part on the availability of 
proteins. An antibody appears to be a 
modified tissue protein, a molecule of globu- 
lin. In a series of publications, Cannon (J. 
Immunology 44, 107 (1942); J. Lab. Clin. 


Med. 28, 127 (1942); Cannon, Chase, and 
Wissler, J. Immunology 47, 133 (1942)) 
presented evidence supporting such a hy- 
pothesis and indicating that both the 
acquisition and the retention of specific 
resistance may be determined largely by 
an adequate intake and utilization of 
dietary protein. In a more recent report, 
Cannon, Wissler, Woolridge, and Benditt 
(Ann. Surgery 120, 514 (1944)) present 
additional evidence demonstrating that im- 
pairment of the antibody mechansim is one 
of the sequelae of protein undernutrition. 

These workers first point out that the 
studies of Madden and Whipple (Physiol. 
Rev. 20, 194 (1940)) have shown that the 
fabrication of normal serum globulin is 
dependent upon the utilization of an ade- 
quate assortment of amino acids. Although 
analyses of normal serum globulin are in- 
complete, Cannon and associates have found 
that it contains all of the amino acids essen- 
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tial for the growing rat. They emphasize 
that studies of the relationship of protein 
reserves to antibody synthesis should be 
directed in particular to the antibody-con- 
taining portion, namely the gamma fraction 
of globulin. 

In order to ascertain more precisely the 
effects of protein depletion upon the anti- 
body forming mechanism, experiments were 
carried out in hypoproteinemic adult white 
rats which, during the period of protein de- 
pletion, were fed a diet presumably ade- 
quate in other nutritional elements. When 
the rats had become markedly hypopro- 
teinemic, they were injected intravenously 
with antigen in order to determine the 
output of antibody. A 0.25 per cent sus- 
pension of washed sheep’s erythrocytes was 
used as antigen. A sample of blood serum 
was taken from each animal before the anti- 
gen was injected, in order to measure 
naturally occurring hemolysins. Titrations 
were made afterwards for hemolysins pro- 
duced by the injection of the sheep erythro- 
cytes. A striking difference was noted in 
hypoproteinemic as compared with normal 
rats. At six to eight days following in- 
jection of red cells, the average hemolysin 
titers for the normal sera were approx- 
imately ten times higher than those from 
the protein depleted rats. It was noted 
that, in addition to this decreased capacity 
to fabricate antibody, the protein depleted 
rats manifested a definitely increased tend- 
ency to develop spontaneous infections. 
Measurements were also made of the com- 
parative concentrations of albumin and the 
various globulin fractions in the two groups 
of rats. These showed that the rats on the 


low protein diet developed both hypoal- 
buminemia and hypoglobulinemia with di- 
minished concentration of the three globulin 
fractions, euglobulin and pseudoglobulin I 
and II. In experiments yet to be reported, 
they are finding that when high quality pro- 
teins are fed to hypoglobulinemic rats the 
animals quickly regenerate immune globulin, 
as evidenced by the rapid recovery of their 
capacity to produce specific antibody. 

The investigators regard these observa- 
tions as significant in relation to man. 
They point out that in many surgical con- 
ditions there is both a preoperative and a 
postoperative loss of various serum protein 
fractions, by exudation, hemorrhage, or by 
loss through the kidneys. Furthermore, in- 
adequate intake, absorption, or utilization 
of high quality protein often occurs in per- 
sons subjected to surgery. In order to de- 
termine a patient’s capacity to form 
antibody it would be desirable to have a 
quantitative clinical method for determining 
the concentration of gamma globulin. The 
measurement of the albumin-globulin ratio 
is of little value, for a reduction in the 
gamma fraction may be masked by a rise 
in other globulin fractions. It is pointed 
out, however, that if the total serum globulin 
concentration is low, the gamma fraction 
will also probably be low. Cannon and co- 
workers suggest, therefore, that in patients 
whose tissues have been rehydrated, a total 
serum protein concentration of less than 
5 g. per 100 ml. of serum implies that pre- 
operative protein repletion should be at- 
tempted either by ingestion or intravenous 
administration of high quality proteins. 


B-VITAMINS IN THE NUTRITION OF SWINE 


From a practical as well as a scientific 
viewpoint the swine industry is handicapped 
by lack of information regarding the re- 
quirements of the pig for certain specific 
nutrients. The over-all mortality of young 


pigs is so high that it is estimated that only 
60 per cent of the annual pig crop survives 
to reach market weight. The first fifty 
to sixty days in the life of a pig are critical 
ones during which the mortality is about 25 
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or 30 per cent. The causes of most of these 
deaths are obscure. Undoubtedly many 
pigs die from infectious diseases, but it is 
felt that faulty nutrition also may be an 
important factor contributing either directly 
or indirectly to these losses. 

Recently there has been considerable in- 
terest in the possible role that the B-vitamins 
may play in the nutrition of the pig. 
Among the earliest studies in this field were 
those of Birch, Chick, and Martin (Biochem. 
J. 31, 2065 (1937), Hughes (Hilgardia 11, 
595 (1938), and Wintrobe, Mitchell, and 
Kolb (J. Exp. Med. 68, 207 (1938)). The 
essentiality of nicotinic acid, thiamine, ribo- 
flavin, pyridoxine, and pantothenic acid 
has since been demonstrated for this species. 
Further work indicates, however, that in 
addition to these, other unrecognized factors 
are required by the pig. In a report by 
McRoberts and Hogan (J. Nutrition 28, 
165 (1944)) simplified diets containing the 
now recognized water soluble vitamins ap- 
peared to be inadequate for young pigs, al- 
though an occasional pig will grow fairly 
well on such a diet. These authors were 
unable to obtain evidence that the pig re- 
quires vitamin E, vitamin K, choline, biotin, 
inositol, or p-aminobenzoic acid. However, 
their research showed that water extracts 
of liver or yeast contain all of the unrecog- 
nized factors required by the pig. Similar 
results with respect to the B-vitamins were 
reported earlier by Wintrobe, Miller, and 
Lisco (Bull. Johns Hopkins Hosp. 67, 377 
(1940)). 

Perhaps it is not surprising that simpli- 
fied or purified diets should be found to be 
inadequate for the support of normal nu- 
trition in young pigs, but it is rather unex- 
pected to find that a number of workers have 
reported that certain diets, made up of 
natural feedstuffs, are also inadequate for 
this purpose. Among the reports dealing 
with this phase of the problem are those of 
Hogan and Johnson (Mo. Agr. Exp. Sta. 
Res. Bull. 321 (1940); Ibid. 332 (1941)); 
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and of Krider, Fairbanks, and Carroll (J. 
Animal Sci. 3, 107 (1944)) for brood sows 
and their offspring, and of Miller, Keith, 
Thorp, and McCarty (Pa. Agr. Exp. Sta. 
Bull. 449 (1943)) and Fairbanks, Krider, and 
Carroll (J. Animal Sci. 3, 29 (1944)) for 
young growing pigs. Varieties of natural 
commonly used feedstuffs were used in the 
various rations employed by these workers, 
and included yellow corn, tankage, alfalfa, 
wheat flour middlings, soybean meal, and 
fish meal. Krider, Fairbanks, and Carroll 
conclude that either (1) growing-fattening 
pigs require more of the known vitamins 
than the literature indicates; (2) the basal 
ration used was deficient in other known or 
unknown factors; (3) the methods of vi- 
tamin assay for riboflavin, niacin, and 
pantothenic acid are in need of greater re- 
finement; or (4) the limiting vitamin or 
vitamins supplied in the basal ration are not 
as available as the synthetic vitamins. When 
the findings of other workers are considered 
it would seem that the most tenable of these 
conclusions is that there was a deficiency of 
unknown factors in the basal ration. This 
viewpoint is supported by the fact that a 
number of workers have reported that 
inadequacies of this type are also corrected 
by the feeding of liver, liver extracts, and 
yeast. 

Bohstedt, Grummer, and Ross (J. Animal 
Sci. 2, 373 (1943)) have noted a helpful 
supplementary effect of cattle manure, 
which is not due to the undigested corn that 
it contains. It is possible that by ingesting 
cattle manure, pigs are furnished directly 
with factors already synthesized intestinally _ 
by the cow, or that desirable flora for the 
synthesis of such factors by the pig are 
thereby acquired. 

It thus appears that the pig has unique 
requirements for certain unknown water 
soluble factors which are found in yeast and 
liver, It is possible that these requirements 
may be different from those for any other 
species, but the evidence is not conclusive. 
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BIOSYNTHESIS OF RIBOFLAVIN IN MAN 


Although it has been recognized for some 
time that microorganisms present in the 
rumen of animals synthesize certain vita- 
mins which are then absorbed and utilized 
by these animals, little consideration was 
given to biosynthesis of vitamins in man, 
except in the case of vitamin K, until 
Najjar and Holt described their attempt to 
produce thiamine deficiency in man (J. 
Am. Med. Assn. 123, 683 (1943)). In that 
study it was reported that diets low in 
thiamine content failed to produce signs of 
nutritional deficiency in some of the ex- 
perimental subjects. Search for an ex- 
planation led to the discovery that thiamine 
was being formed by bacteria in the bowel. 

In a later report Najjar and co-workers 
(J. Am. Med. Assn. 126, 357 (1944)) de- 
scribe a similar study which concerns ribo- 
flavin. Observations were made on 12 ex- 
perimental subjects, all adolescent males 10 
to 16 years of age. After a control period 
the subjects were placed on an experimental 
diet consisting of vitamin free casein, 
Crisco, dextrimaltose, a mineral mixture, 
and a vitamin mixture which contained 
no riboflavin. The diet provided an intake 
of between 70 and 90 micrograms of ribo- 
flavin per day in the different subjects. 

Throughout the period of study, which 
lasted three months, the subjects remained 
in excellent health. The urinary excretion 
of riboflavin fell during the first two weeks 
of the study but remained constant there- 
after. It ranged between 150 and 250 
micrograms per day. The excretion of 
riboflavin in the feces showed no tendency 
to fall when the riboflavin deficient diet 
was taken and remained at levels similar 
to those observed in the control period 
(200 to 600 micrograms per day). The 
combined excreta thus contained five to 
six times as much riboflavin as was ingested 
in the food. Riboflavin was measured by 


the fluorometric method of Najjar (J. Biol. 
Chem. 141, 355 (1941)). 

The remote possibility that the stool 
riboflavin might represent excretion of body 
stores rather than intestinal synthesis was 
excluded by experiments on normal subjects 
in whom intravenous injections of 5 to 20 
mg. caused no increase in fecal riboflavin. 
The evidence which is presented certainly 
suggests that riboflavin was being formed in 
the bowel in these subjects. That it is 
possible to absorb riboflavin from the large 
intestine was demonstrated by enemas con- 
taining 20 mg. of riboflavin, which brought 
about a prompt rise in the excretion of ribo- 
flavin of the urine. 

In their study of bacterial synthesis of 
thiamine in the human intestinal tract, 
Najjar and Holt demonstrated that the 
administration of succinylsulfathiazole in- 
hibited the bacterial synthesis of thiamine. 
This drug was given to the subjects of the 
riboflavin study during the seventh week 
of the study in doses of 1.5 g. every four 
hours. After the ninth week, the dose was 
increased to 3 g. every four hours and this 
was continued until the termination of the 
study. Surprisingly, the drug had rela- 
tively little effect on the output of riboflavin. 

The full significance of these studies has 
yet to be determined. That biosynthesis of 
thiamine and riboflavin occurs in ruminants 
is indicated by failure to produce deficiency 
of these vitamins experimentally in such 
animals. In nonruminant animals, such as 
the pig for example, it has been possible to 
produce well defined deficiencies of either of 
these vitamins. If intestinal synthesis is 
biologically important, one may ask why it 
does not seem important in the pig. Does 
biosynthesis of thiamine and riboflavin play 
a much greater role in man than it does for 
example in the. pig? 

Najjar and associates raise the question 
whether a minute amount of riboflavin 
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such as was present in their experimental 
diet is needed for the bacterial synthesis of 
this factor or whether such synthesis would 
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occur in any case. They have no reason 
to doubt that under certain conditions 
riboflavin deficiency does occur in man. 


SPECIFIC DYNAMIC ACTION 


During the fifty years prior to World 
War I, studies on energy metabolism, energy 
requirements, and the reactions by which 
foodstuffs are made to yield energy in the 
body represented a major field of activity 
among chemists and physiologists interested 
in nutrition. But the discovery of specific 
dietary essentials, and the spectacular de- 
velopments in the field of vitamins in par- 
ticular have shifted attention into other 
channels. Consequently, modern advances 
in the field of energy metabolism are easily 
overlooked. Nevertheless, steady progress 
continues to be made. 

Evidence has accumulated since 1935 
(Forbes, Swift, Black, and Kahlenberg, J. 
Nutrition 10, 461 (1935); Forbes, Swift, 
Marcy, and Davenport, /bid. 28, 189 (1944)) 
which refutes the prevailing belief that the 
relatively high specific dynamic action of 
protein dominates the heat production of a 
subject fed a mixed diet. 

Dynamic action may be defined as the 
energy expended by a subject in the utiliza- 
tion of a food. By common usage the rate 
of metabolism of a subject under conditions 
of rest and in the postabsorptive state is 
spoken of as “basal.” Heat production is 
at a minimum. However, merely by the 
ingestion of food and with no accompanying 
physical exertion, the heat production of the 
subject rises above the basal level in 
amounts up to 30 per cent. This increased 
heat production is a manifestation of the 
dynamic effect of food. There is a dy- 
namic action involved in the metabolism of 
all nutrients whether carbohydrate, fat, or 
protein. The exact chemical reactions in 
metabolism causing a heat increment are 
not known in full. 

Forbes and Swift (J. Nutrition 27, 453 


(1944)) have emphasized that a nutrient 
fed alone is never metabolized alone, and 
that the dynamic effect as measured is much 
affected (1) by the nutrient combination in 
which it is metabolized, (2) by the use to 
which the absorbed nutrients are put, i.e., 
in the repair of body tissue and as a source 
of energy, and (3) by the technic of measure- 
ment of the dynamic effect as representing 
either a single feeding of a test nutrient to a 
fasted subject or a difference between higher © 
established states of nutrition. Thus to 
make the determination of dynamic effects 
better understood in relation to general 
nutritive practice a new procedure of study 
was evolved. Determinations were made 
not only of the dynamic effects of protein, 
carbohydrate, and fat fed singly but also in 
four combinations, and all were fed as sup- 
plements to mature albino rats maintained 
on the same quantity of a nutritionally com- 
plete basal diet. As opposed to the meas- 
urement of dynamic effects of a single meal 
fed to animals in the postabsorptive state, 
the present results may be applied in prac- 
tice with greater assurance of validity; they 
are not clouded by the dynamic effects of 
catabolism of body tissues. 

Twelve rats of the same age were used as 
the subjects of each determination, the 
dynamic effects being measured as the dif- 
ference in heat production from the basal 
and the supplemented diet. Total heat pro- 
duction was determined by the respiratory 
quotient procedure, protein metabolism 
being computed from urinary nitrogen. 
Heat production from carbohydrate and fat 
were calculated from Lusk’s table. 

Separately determined dynamic effects 
of beef muscle protein, glucose, and lard 
were found to be 32, 20, and 16 per cent 
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respectively of their gross energy values. 
The dynamic effects of the combination of 
glucose and protein were 12.5 per cent less, 
of glucose, protein, and lard 22 per cent 
less, of glucose and lard 35 per cent less, 
and of protein and lard 54 per cent less by 
experimental determination than if com- 
puted from the dynamic effects of equiva- 
lent amounts of the individual nutrients. 
The most efficiently utilized supplement 
was that composed of beef protein and fat; 
the least, beef protein and carbohydrate. 
Mixed supplements containing protein in- 
creased the heat production at the expense 
of protein. Supplements containing glu- 
cose increased the heat production at the 
expense of carbohydrate. Any mixed sup- 
plement, whether containing lard or not, 
decreased the production of heat at the 
expense of fat. 

Contrary to general belief, protein was not 
shown to dominate the dynamic effects of 
nutrient mixtures. Rather, lard was found 
to be more potent than either protein or 
carbohydrate and its effect was to confer 
economy of utilization upon the nutrient 
combinations in which it was present. 

These studies by Forbes and associates 
add much to our concepts of energy me- 
tabolism. It is clear that the dynamic 
effects of diets are not the additive dynamic 
effects of their components. In fact, there 
is probably no one value for the dynamic 


effect of protein, fat, and carbohydrate, the 
dynamic value of each depending on the 
amount of the other two being simultane- 
ously metabolized. 

The authors suggest that there is no rea- 
son for decreasing the protein contents of 
diets for hot weather. Instead a desired re- 
duction in heat increment may be efficiently 
achieved by the equicaloric substitution of 
fat for carbohydrate. They comment that 
the working p2ople of Brazil and some other 
tropical peoples ordinarily consume the phys- 
iologically economic high fat diet. 

The principles evolved by Forbes and as- 
sociates raise a question as to the validity 
of past interpretations of small differences in 
growth of experimental animals fed equi- 
caloric amounts of diets in which isocaloric 
substitution of nutrients has been at- 
tempted. The differences in growth may be 
the result of variable amounts of energy 
available to the animal for that purpose 
because of differences in the dynamic ac- 
tion of the combination fed. For example, 
the isocaloric substitution of fat for carbo- 
hydrate would tend to decrease the heat 
increment and increase the calories avail- 
able for growth. Thus the increased growth 
observed by some investigators on high fat 
diets may be explained in part by the ability 
of fat to decrease the dynamic effect of 
mixed diets. 


DENTAL CARIES IN THE COTTON RAT 


The etiology of dental caries, as might be 
expected, has long been a subject for re- 
search, but one of the reasons progress has 
been slow is that no experimental animal 
has been available in which caries could 
readily be induced by means analogous to 
those that affect man. Recently, however, 
Shaw and co-workers (J. Nutrition 28, 333 
(1944)) have apparently discovered such an 
animal, or at least a new and useful animal 
for such studies. A surprisingly high inci- 


dence of dental caries was observed in the 
molars of cotton rats fed highly purified 
rations which contain sucrose as the carbo- 
hydrate, although when a_ crude stock 
ration was fed, or when the sucrose in the 
purified ration was replaced by dextrin, the 
incidence and extent of the lesions were low. 

Many attempts have been made to 
demonstrate a connection between diet and 
tooth decay in the white rat, Mus norvegi- 
cus albinus, but the incidence of caries 
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usually was low in this species. Further- 
more, the particle size of the ration fed fre- 
quently appeared to influence dental caries 
more significantly than the composition of 
the diet. Hoppert, Webber, and Canniff 
(Science 74, 77 (1931)) showed that more 
caries developed on a crude ration when the 
component yellow corn was coarse than 
when it was finely ground. The effect of 
calcium, phosphorus, and vitamin D has not 
been established with certainty, although 
the general consensus appears to be that 
caries are more frequent when inadequate 
amounts of these substances are fed. The 
ingestion of large amounts of calcium, 
phosphorus, and vitamin D may reduce 
the number of caries that develop, but does 
not prevent them entirely. 

In general the teeth of the cotton rat 
(Sigmondon hispidus hispidus) develop very 
much like those of the ordinary laboratory 
white rat. The cotton rat has only one set 
of teeth, one incisor and three molars are 
present in each quadrant of the jaws, and 
the incisors grow continuously throughout 
life, while the molars do not erupt continu- 
ously. However, the dentition of the cotton 
rat differs significantly from that of the 
white rat in that the completely transverse 
occlusal fissures between the cusps are much 
more shallow in the former species. In the 
fully erupted molar, the occlusal fissures are 
very narrow and extend from the occlusal 
surface of the molar to the cemento-enamel 
junction, and it is in thee fissures that the 
teeth first begin to decay. A few lesions 
ultimately appear also on the exposed occlu- 
sal surfaces and on the proximal surfaces of 
the molars, although most of the lesions 
develop in the fissures themselves. 

The original observations on tooth decay 
were made in connection with a study on the 
vitamin requirements of the cotton rat 
(Nutrition Reviews 2, 184 (1944)). For a 
normal rate of growth this species requires 
not only the ordinary B-vitamins, but also 
inositol and nicotinic acid. Among the 
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symptoms noted on the purified diets dental 
caries was common. 

A typical ration for the production of 
caries consisted of sucrose 73 per cent, 
casein 18 per cent, salts 4 per cent, corn oil 
5 per cent, and adequate quantities of the 
B-vitamins. All of the diets of the ani- 
mals were supplemented with halibut liver 
oil as a source of vitamins A and D. Ani- 
mals were weaned at a weight of 20 to 25 g. 
and kept on experiment for periods which 
ranged from ten to fourteen weeks. At the 
end of the experimental period the animals 
were killed and the jaws prepared for ob- 
servation. The molars were examined by 
observing successive planes ground parallel 
to the occlusal surface of the teeth. The 
usual technic consisted of alternately grind- 
ing the teeth and then exploring the depth 
of the soft areas with a dental broach, ob- 
serving the process through a _ binocular 
dissecting microscope. 

The larger cavities were plainly visible in 
the intact tooth. The smaller lesions, how- 
ever, became visible only after the alternate 
grinding procedure, since these lesions are 
located deep in the narrow occlusal fissures. 
In these experiments the extent of each 
carious lesion was evaluated by an empirical 
numbering system similar to the procedure 
suggested by Cox and Dixon (J. Dental 
Research 18, 153 (1939)). 

It was found that both the incidence and 
extent of the caries increased with the length 
of the experimental period. Fourteen weeks 
was the optimum experimental period since 
the lesions had progressed to a point where 
they were readily visible when exposed by 
grinding, and yet they had not become so 
large that extensive fracturing occurred. 
A summary of the results obtained with 
65 cotton rats maintained on the high su- 
crose rations showed that a much higher in- 
cidence of caries and a larger amount of 
decay in each lesion was obtained in the 
molars of the lower jaw than in the corre- 
sponding molars of the upper jaw. Also a 
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difference in the incidence and progress of 

decay was observed between different mo- 

lars of the same quadrant. These results 

could not be correlated with the length of 

time after the molars had erupted; in other 

words, to the length of time they had been 

exposed to the deleterious influence of the 

oral cavity. 

After the optimum experimental period 
was ascertained and the necessary technics 
of evaluating the extent of tooth decay 
had been worked out, preliminary experi- 
ments were made on the effect of changes in 
the diet. The addition of 5 to 9 per cent 
of liver concentrates to the high sucrose 
rations did not alter the extent or the inci- 
dence of tooth decay. Although the 
number of animals in each group was small, 
results from different groups were similar. 
The number of carious lesions was low and 
the extent of the damages small when su- 
crose was replaced by dextrin in the purified 
ration or when the Steenbock stock ration 
was fed (ground corn 71.5 per cent, linseed 
oil meal 15.0 per cent, alfalfa leaf meal 2.0 
per cent, calcium acid phosphate 1.0 per 
cent, sodium chloride 0.5 per cent, crude 
casein 5.0 per cent, and butterfat 5.0 per 
cent). 

The average incidences of tooth decay 
obtained with dextrin and stock rations were 
6 and 2 caries per rat respectively on a 
twelve week experimental regimen. Results 
obtained with animals on sucrose rations 
and comparable experimental conditions 
ranged from 21.3 to 22.8 caries per rat. 
The total damage to the teeth also increased 
in the animals which received the sucrose 
diets. No marked differences were obtained 
between coarse or fine stock and dextrin 
rations. Some protection was observed 
when the amounts of vitamins A, D, E, 
and K in the sucrose ration were increased, 
but the additional fat soluble vitamins did 
not give nearly as much protection as was 
observed when the carbohydrate was dex- 
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trin or starch in the crude stock ration. 
In this connection it is of interest to recall 
the extensive studies of Boyd and co- 
workers (Nutrition Reviews 2, 35 (1944)) in 
which they were able to arrest the progres- 
sion of caries in children by changes in diet 
that usually involved a reduction in the 
amount of soluble carbohydrate fed. 

The high susceptibility of the cotton rat 
to dental caries on well defined sucrose ra- 
tions gives the investigator an excellent and 
much needed animal for studying the etiol- 
ogy and control of dental caries. The fact 
that the resistance to caries varies with 
diet opens the way for much new research. 
It would be desirable to know the effects 
of other carbohydrates, of different levels 
of fat and protein, and of minerals and 
vitamins. It is also possible that genetic 
factors contributed toward the resistance 
or susceptibility of the cotton rat to tooth 
decay. 

The results reported by the Wisconsin 
group raise many questions as to the reasons 
why cotton rats fed sucrose rations de- 
veloped dental caries, while the teeth of 
animals on dextrin or stock rations were 
relatively sound. It is possible that the 
soluble and fermentable character of the 
carbohydrate is primarily responsible for 
the dental lesions. The acid produced in 
the mouth by microorganisms is generally 
accepted to be a major factor in hastening 
tooth decay. Sucrose, therefore, may sup- 
ply a more favorable medium for the rapid 
growth of lactic or other acid-producing 
organisms in the mouth than that present 
when dextrin or stock ration is fed. The 
ingestion of dextrin or of stock ration may 
produce an indirect systemic effect, possibly 
through the medium of intestinal micro- 
organisms that produce factors which, 
when absorbed, increase the resistance of 
the tooth itself. Much more work will 


be needed before these possibilities are 
completely explored. 
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POST-TRAUMATIC NITROGEN DEFICIT 


In a series of publications dating back to 
1930 Cuthbertson has reported studies of 
the metabolism of convalescing patients in 
whom fractures had occurred (Biochem. J. 
24, 1244 (1930); Lancet I, 433 (1942)). He 
and his associates observed large losses of 
body protein. The source of this lost 
protein and the mechanism of the catabolism 
have been matters of considerable interest 
although until recently they have received 
little study by other investigators. How- 
ard and associates in two communications 
(Bull. Johns Hopkins Hosp. 76, 156, 209 
(1944)) present some of the results of a 
detailed investigation of this problem. 

The first report is based on a study of 6 
patients who had suffered fractures of the 
large bones of the lower extremities. They 
were all males, otherwise healthy, and their 
fractures healed satisfactorily in the opinion 
of orthopedists. All the patients were at 
bed rest in casts throughout the entire period 
of observation. Balance studies were begun 
as soon as the patients’ general condition 
permitted accurate collection of urine and 
feces. This varied from one to seven days 
after the trauma had been sustained. 
Comparative studies were also made on 3 
patients after operative procedures on the 
femur, and on one patient in whom hernior- 
rhaphy had been done. In the last men- 
tioned cases it was possible to collect 
metabolic base line data preoperatively as 
well as immediately after the operation. 
The methods of analysis and collection 
corresponded to those which are currently 
in vogue. 

As is to be expected from the observations 
of Cuthbertson, all of the fracture cases 
showed losses of body protein of considerable 
magnitude. In the 6 patients studied, the 
average loss of body nitrogen following frac- 
tures was more than 220 g. Expressed in 
terms of protein this would be about 1400 g. 
or in terms of normal muscle protoplasm 
15 pounds. The nitrogen loss rapidly in- 


creased following the fracture, reaching a 
peak in the three day period which began 
5.6 days, on the average, after injury. 
After this time there was a gradual decrease 
in the rate of loss. The period of protein 
loss continued for an average of 35.6 days. 
After this time the patients began to re- 
plenish their lost nitrogen but this took 
place at a very slow rate. In 3 patients 
who were followed for 24, 59, and 45 days, 
respectively, there were only 32, 28, and 
4 g. of nitrogen regained, respectively. This 
constituted a restoration of but 18, 14, and 
1.6 per cent, respectively, of the losses 
these patients had sustained. 

In contrast it was found that nitrogen 
losses were of much smaller magnitude in 4 
patients subsequent to operative proce- 
dures, averaging only 46 g. Furthermore, 
the nitrogen losses were briefer in duration. 
The peak of nitrogen deficit was again de- 
layed, appearing on the fourth day after 
operation. The operative patients were 
found to restore their nitrogen losses fairly 
rapidly. 

Howard and associates discuss various 
possible causes for the nitrogen loss observed 
in cases of fracture. It is well known that 
disuse results in tissue atrophy but disuse 
can scarcely be regarded as the cause of the 
changes which were observed since the factor 
of disuse of the limb was equally present in 
the osteotomy cases. An evaluation of the 
role of fever and infection is difficult, but 
it is noteworthy that in these patients fever 
was of minor degree and there were many 
periods of high nitrogen loss in the absence 
of fever. The possible effect of the radiation 
to which a patient is exposed in the setting 
of a fracture is not considered. 

The significance of diet on the post- 
traumatic nitrogen deficit is the subject of 
the second paper. For the purpose of dis- 
cussion and presentation of data, all the 
metabolic data on the patients were cal- 
culated so that they might be expressed 
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in terms of an average man 175 cm. in 
height, weighing 60 kg., and with a surface 
area of 1.73 square meters. The authors 
calculated that a normal healthy man to be 
in nitrogen equilibrium at bed rest should 
ingest a diet containing 1600 calories in 
twenty-four hours per 1.73 square meters. 
Subsequently studies were made of the 
nitrogen metabolism of several healthy 
vigorous patients for five day periods at 
bed rest before operation and it was found 
that when they were fed 10 g. of nitrogen 
and 1600 calories per 1.73 square meters 
these patients were in negative nitrogen 
balance from 0.5 to 2 g. per day with an 
average of 1.2 g. The question of protein 
loss under condition of complete starvation 
was also considered. One healthy male 
medical student who underwent a three-day 
fast except for water and who had only 
minimal activity, excreted an average of 
11.3 g. of nitrogen per twenty-four hours 
per 1.73 square meters. From these figures 
the authors calculated that without food, at 
bed rest, and with slight activity, such as 
turning in bed, a vigorous person will lose 
approximately 10 g. of nitrogen per twenty- 
four hours per 1.73 square meters of body 
surface. Allowing 2 g. per day as the mar- 
gin of error of the determinations, they 
concluded that nitrogen losses of more than 
12 g. per day may justifiably be considered 
as due to factors other than simple starva- 
tion or rest. They constructed a nomo- 
graph on the basis of these calculations and 
compared the observations in the fracture 
and osteotomy patients with this nomo- 
graph. 

The data show that the negative nitrogen 
balances in their patients were greater than 
would have been expected for dietary rea- 
sons alone. When particularly high protein 
diets were fed, this discrepancy between 
dietary intake and nitrogen loss was es- 
pecially marked. One patient. was fed 
amino acid and carbohydrate supplements 
by tube. Over a ten day period this 
patient received 50 g. more nitrogen and 
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8000 more calories than another; yet the 
total nitrogen losses sustained by these 2 
patients were identical. 

From the work of Cuthbertson and also 
from these studies it appears quite clear that 
in healthy, vigorous male patients with 
fractures, there is set up in response to the 
trauma a reaction which results in vigorous 
protein catabolism with losses to the organ- 
ism of the nitrogenous portion of large 
amounts of body protein. This dynamic 
process seems to diminish progressively 
during normal convalescence and to be of 
much shorter duration after osteotomy than 
after fracture. At the height of this reac- 
tion (‘the protein catabolic process’’), the 
usual effect of increasing the intake of high- 
est quality protein and calories, namely 
conservation and storage, is not detectable. 
During this period of maximal protein 
catabolism, a fracture patient on a low 
protein, low calory diet does not seem to 
lose any more body protein than do similar 
patients on higher nitrogen and caloric diets. 
This reaction is obviously unlike the reac- 
tion in starvation, where the expenditure of 
endogenous protein storesmay be readily sus- 
pended by provision of either adequate pro- 
tein or total calories. Nor does it resemble 
hyperthyroidism, in which condition adequate 
caloric administration reduces the need of 
protein to minimal amounts. It would seem 
that the type of reaction occurring in fracture 
patients demands of the body that a certain 
amount of endogenous protein be catabolized 
and if additional protein beyond the minimum 
is fed it is deaminized without exerting any 
sparing effect whatever on the body nitro- 
gen stores. It is of interest that patients of 
this type cannot or will not eat more than 
limited amounts during the early periods 
of their convalescence. One is led to wonder 
about the wisdom of administering paren- 
terally large amounts ofutilizable nitrogen 
to such patients during the process of pro- 
tein catabolism. 

A curious observation which is probably 
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highly significant is the fact that one pa- 
tient who was cachectic from long standing 
rheumatoid arthritis at the time of multiple 
fractures failed to show any increase what- 
ever in his protein catabolism. It is of 
interest that Cuthbertson (Minutes Fifth 
Conference on Metabolic Aspects of Con- 
valescence, Josiah Macy Jr. Foundation, p. 44 
(1943)) reported that nitrogen excretion 
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did not rise in injured rats after a period of 
days on a protein free diet, whereas in 
normally fed rats similar injury was fol- 
lowed by well marked losses of nitrogen. 
Such observations cause one to wonder 
whether the catabolic process may not be a 
desirable and perhaps useful one which only 
the poorly nourished are unable to ac- 
complish. 


IS INOSITOL A DIETARY ESSENTIAL? 


Experiments to determine whether inosi- 
tol is a dietary essential have been reviewed 
by Woolley (J. Nutrition 28, 305 (1944)), 
who focused attention on this problem by 
demonstrating that a characteristic alopecia 
in mice fed synthetic diets could be both 
prevented and cured by inositol (Science 92, 
384 (1940); J. Biol. Chem. 139, 29 (1941)). 
The result, however, was not always re- 
producible (Nutrition Reviews 2, 163 (1944)), 
and the divergent findings of different labo- 
ratories are now considered to be due at 
least in part to differences in the amounts of 
inositol synthesized by the animals under the 
various experimental conditions. The syn- 
thesis of inositol in certain species has been 
known for a long time. Vohl isolated inosi- 
tol in 1858 from the urine of a patient with 
diabetes insipidus, and the amounts ob- 
tained were greater than those that could 
have come from the food. Needham (1924) 
rendered a rat polyuric by giving a large 
excess of salt, and as in the older experi- 
ment, observed that the amounts of inositol 
excreted were greater than those ingested. 
Since this situation prevailed for long periods 
of time, it was concluded that the rat can 
synthesize inositol. 

Woolley (J. Exp. Med. 75, 277 (1942)) 
demonstrated that a mouse fed a highly 
purified diet frequently synthesizes amounts 
of inositol equivalent to the minimum dose 
effective in the prevention of alopecia. 
Much of this synthesis is performed by the 
microorganisms of the gastrointestinal tract, 


but the amounts of inositol thus made avail- 
able to the animal apparently depend on the 
concentration of other factors in the diet 
consumed. Gavin and McHenry (J. Biol. 
Chem. 139, 485 (1941)); Nutrition Reviews 2, 
163 (1944)), for example, observed that the 
addition of biotin to the synthetic diet 
caused a fatty liver in rats that could be 
prevented by the further addition of inosi- 
tol. Woolley showed that the degree of 
inositol deficiency (alopecia) in mice varied 
with the amount of pantothenic acid in the 
diet. Cunha, Kirkwood, Phillips, and Boh- 
stedt (Proc. Soc. Exp. Biol. Med. 54, 236 
(1943)) observed inferior growth and alo- 
pecia in rats fed a crude mixture of yellow 
corn, soybean meal, salts, and alfalfa. The 
addition of inositol cured the alopecia and 
restored the rate of growth, and it is note- 
worthy that the addition of inositol to this 
crude diet produced a greater biologic re- 
sponse than that observed by others when 
they added to it a highly purified diet free 
from the compound. 

The cotton rat, in contrast to the ordinary 
rat, apparently needs preformed inositol 
for optimal growth on synthetic diets. 
McIntire, Schweigert, and Elvehjem (J. 


‘Nutrition 27, 1 (1944)) observed that the 


growth rate of the cotton rat was practi- 
cally doubled when inositol was added to a 
highly purified diet containing large amounts 
of all of the other vitamins available at the 
present time. Guinea pigs (Hogan and 
Hamilton, Jbid. 28, 433 (1942)) and 
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hamsters (Cooperman, Waisman, and El- 
vehjem, Proc. Soc. Exp. Biol. Med. 62, 250 
(1943)) also show an improved rate of 
growth when inositol is added to the diet. 
Inositol furthermore counteracts a charac- 
teristic reproductive disorder of hamsters, 
in which the young are born dead or as 
shapeless bloody masses, while the female 
frequently fails to survive parturition 
(Hamilton and Hogan, J. Nutrition 27, 213 
(1944)). Dam (Ibid. 27, 193 (1944)) ob- 
served that encephalomalacia and exudative 
diathesis, two symptoms frequently encoun- 
tered in chicks fed diets deficient in vitamin 
E, can be prevented by the addition of 
inositol to the diet. It has been reported 
that the tocopherol deficient chick needs 
something in soybean oil in addition to 
tocopherol itself. Since soybean oil is rich 
in liposterol, a phosphatide-like substance 
containing inositol (Woolley, J. Biol. Chem. 
147, 581 (1943)) it is possible that it is this 
phosphatide to which the chick responds 
when soybean oil is fed. 

A number of isomers of inositol occur 
naturally, but only the meso form is nu- 
tritionally significant. In this isomer the 
hydroxy! groups one and three are above the 
plane of the ring while the other four are 
below it. This stereochemical structure 
has been established only within the last 
two years, although the compound itself 
has been under investigation for a long 
time. In natural products meso-inositol oc- 
curs in the free form and in at least three 
combinations: phytin, liposterol, and a 
water soluble, nondialyzable complex. Of 
these, phytin is probably the most abun- 
dant, and until recently has been regarded 
as existing exclusively in plants. However, 
this compound has also been found in the 
erythrocytes of species such as the chicken 
or turtle in which these cells are nucleated. 
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Inositol has been isolated from the phos- 
phatides of the tubercle bacillus, and as a 
mono-phosphate in mixtures of soybean 
phospholipids. In animals it has been 
found in the cephalin fraction of brain and 
spinal cord (Folch and Woolley, J. Biol. 
Chem. 142, 963 (1942)), and while the struc- 
ture of the complex has not been fully es- 
tablished, it appears to be similar to the 
complex from soybeans in which inositol is 
combined with phosphate, galactose, etha- 
nolamine, tartaric acid, oleic acid, and satu- 
rated fatty acids. It has been suggested 
that one of the functions of inositol in the 
body is to form liposterol. 

A complex of inositol also occurs in heart 
muscle, but this compound does not appear 
to be liposterol since it is readily broken 
down to free inositol during autolysis. 
Liposterol is fairly resistant to autolysis. 
A water soluble, nondialyzable complex has 
been detected in liver and in most other 
organs that were tested for it. On a dry 
weight basis most plant and animal tissues 
contain between 0.5 arid 5.0 mg. per gram; 
heart muscle contains 16 mg. per gram. In 
the relatively few tissues in which deter- 
minations have been made for both free 
and combined inositol, the free form was 
found to make up about one half of the 
total. This may be of considerable im- 
portance, for the combined form is not 
necessarily available when incorporated into 
diets. The phosphorus part of the phytin 
molecule, for example, has long been recog- 
nized as less effective than inorganic phos- 
phate in the cure of rickets in the rat, and 
one function of vitamin D appears to be 
that of making phytin phosphorus more 
readily available. The question therefore 
arises whether the availability of the inosi- 
tol portion of the phytin moiecule might not 
show corresponding variability. 


VITAMINS IN THE THERAPY OF SHOCK AND ANOXIA 


The use of vitamins in the therapy of 


avitaminosis would seem unwise. Actually 


conditions other than those produced by however, our knowledge of failure in enzyme 
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and coenzyme activity in various circum- 
stances is limited. Govier (J. Am. Med. 
Assn. 126, 749 (1944)) discusses the use of 
vitamins in the therapy of shock and anoxia 
and offers reasons for their possible useful- 
ness under these circumstances. 

It is well known that in shock induced 
by hemorrhage, prolonged hyperglycemia 
occurs. Very little attention has been paid 
to the significance of this finding. While 
it is not unreasonable that hyperglycemia 
should occur in shock, in view of the in- 
tense sympathetic nervous system stimula- 
tion, it is by no means clear as to why the 
elevation of blood sugar should remain for 
several hours, only gradually decreasing as 
the animals become moribund. Govier and 
associates were attracted by work reported 
by Tonutti and Wallraff (Zischr. f. micro.- 
anat. Forsch. 44, 532 (1938)) which indi- 
cated that the liver of a thiamine deficient 
mouse cannot store glycogen. This led to 
an experimental study in which shock was 
induced in a number of dogs by fractional 
bleedings (Govier and Greer, J. Pharmacol. 
Exper. Therap. 72, 317 (1941)). - Thiamine 
was administered to half of the animals. 
The thiamine treated dogs lived longer than 
did the controls. This observation led 
Govier and associates to consider whether 
the apparent benefit from the administra- 
tion of thiamine might have been through 
its acting as a coenzyme in tissue metabo- 
lism. Blood pyruvie acid determinations 
were done on a number of animals in shock 
and it was found that levels as high as 4 
or 5 mg. per 100 ml. of blood could be 
demonstrated instead of the normal levels 
of 1 to 2 mg. 

Approaching the problem from another 
angle, thiamine deficiency was produced in 
a number of dogs whereas others were given 


a stock diet fortified with thiamine. Plasma 


thiamine levels were measured in these dogs. 
The investigators describe a significant dif- 
ference in the ease of production of shock in 
the two groups of animals. In their own 
words, ‘Seven of 9 thiamine deficient dogs 
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went into shock after a total bleeding of 
less than 4 per cent of body weight whereas 
all of 16 thiamine fortified dogs required 
more than this amount of bleeding and 44 
per cent of them required even more than 5 
per cent of body weight in blood removed 
before prolonged hypotension was _ pro- 
duced” (Govier, J. Pharmacol. Exper. 
Therap. 77, 40 (1943)). It was also noted 
that the blood pressure of the low thiamine 
dogs dropped precipitously after the first 
few bleedings and remained low (between 
45 and 60 mm. of mercury) throughout the 
experiment, whereas the blood pressure of 
the thiamine fortified dogs showed a con- 
stant tendency to rise even after more than 
5 per cent of the body weight in blood had 
been removed in some cases. Copious in- 
testinal hemorrhage occurred in 86 per cent 
of the low thiamine animals and was not 
seen at all in the high thiamine dogs. 
Hemoconcentration was also much less 
frequent in the dogs having high plasma 
thiamine levels. 

In seeking an explanation for these ob- 
servations Govier considered the possibility 
that the animals’ own tissue thiamine be- 
came ineffective. Ochoa (Biochem. J. 33, 
1262 (1939)) has shown that in vitro and 
under anaerobic conditions, breakdown of 
cocarboxylase may occur, probably by 
means of a phosphatase. As a result of 
such a breakdown the active form of thia- 
mine (cocarboxylase) becomes dephosphory- 
lated, thus shifting the equilibrium and re- 
ducing the amount of metabolically active 
thiamine. Govier and Greig (J. Pharmacol. 
Exper. Therap. 79, 240 (1943)) have con- 
firmed these observations of Ochoa. 

Both cocarboxylase and total thiamine 
were determined in the skeletal muscle, 
liver, and duodenum of dogs before and 
after shock, and after thiamine therapy. 
Dephosphorylation of cocarboxylase oc- 
curred in 92 per cent of the cases in muscle, 
in 69 per cent of the cases with duodenum, 
and in 46 per cent of the liver samples. 
The magnitude of the dephosphorylation 
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was variable, there being some tendency for 
more dephosphorylation to occur in dogs 
which went into shock with relatively small 
amounts of bleeding. These results have 
been confirmed by Alexander (J. Clin. 
Invest. 23, 259 (1944)). Govier suggests, 
therefore, that although shocked animals 
may be well supplied with thiamine, they 
may become in a sense thiamine deficient 
since their thiamine may be converted to a 
form which is useless in tissue metabolism. 
Administration of more thiamine in large 
doses to such dogs may result in resynthesis 
of cocarboxylase. When oxidative proc- 
esses supplying energy for phosphorylation 
of thiamine are greatly reduced, large doses 
of thiamine may be required to raise the 
intercellular concentration of thiamine so 
that resynthesis may occur. 

Reference is made by Govier to a study 
to be published by his associate, Greig, in 
which an effort was made to determine 
whether a similar breakdown of cocarboxy- 
lase would occur in anoxia other than that 
of shock. A number of dogs were allowed 
to breath oxygen-nitrogen mixtures con- 
taining 10 per cent oxygen. In these ani- 
mals the same breakdown of cocarboxylase 
was observed as Govier foundin shock. It 
would thus appear that anemic anoxia and 
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anoxic anoxia both produce a tissue anaero- 
biosis which results in breakdown of co- 
carboxylase. Greig is also quoted as show- 
ing that in shock a pronounced breakdown 
occurs in coenzyme I, the nicotinamide- 
containing coenzyme which is essential for 
the metabolism of many substrates. She 
has also demonstrated a similar breakdown 
in alloxazine adenine dinucleotide (flavine 
adenine dinucleotide), the riboflavin-con- 
taining coenzyme which is essential for the 
reoxidation of reduced coenzyme I and for 
the metabolism of amino acids. 

These observations if confirmed would be 
of the utmost importance for they indicate 
a need for vitamins under conditions quite 
unrelated to vitamin deficiency arising from 
faulty diet. It has been pointed out by 
various writers that vitamin deficiency may 
develop under a number of circumstances 
besides those associated with deficiency of 
vitamins in the diet. Obviously poor ab- 
sorption is one of these factors. A fault in 
metabolism has been postulated as another. 
The studies of Govier and of Greig suggest 
new circumstances for the development of 
vitamin deficiency. Much detailed and 
careful work will be required, however, to 
bring convincing evidence for the thesis 
which is presented. 


THE NUTRITIVE VALUE OF CANNED FOODS 


In 1942 an extensive program was organ- 
ized jointly by the National Canners Asso- 
ciation and the Can Manufacturers Institute 
to determine the nutritive value of canned 
foods. Eventually this program is to in- 
clude studies not only of the nutritive value 
of the canned food itself, but also the effects 
of home and mass preparation methods, the 
effect of storage on the vitamins in the 
canned food, as well as studies designed to 
minimize vitamin loss during the canning 
operations. 

Initial reports have been published on the 
ascorbic acid, carotene, thiamine, niacin, 


riboflavin, and pantothenic acid contents of 
a great variety of canned products, as well 
as the distribution of ascorbic acid, thia- 
mine, and riboflavin between the solid and 
liquid phases of the can contents. Clifcorn 
(J. Nutrition 28, 101 (1944)) described the 
sampling procedure and the general organi- 
zation of the project. A total of 823 
samples of 32 different products were as- 
sayed for the vitamins mentioned. The 
canned fruits included apricots, grapefruit 
(segments and juice), peaches, pears, and 
pineapple. Canned vegetables included as- 


paragus, green beans, carrots, corn, peas, 
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spinach, and tomatoes. Canned salmon, 
sardines, tuna, shrimp, and mackerel were 
also tested. Every attempt was made to 
ensure that the vitamin assays obtained 
would be representative of the canned foods 
purchased by the consuming public. Retail 
size cans were obtained from a variety of 
factories located in the Eastern, Midwestern, 
and Western production districts, and in 
the early, middle, and late periods of the 
canning season in each district. Each 
sampling was composed of six retail size 
cans or one or more no. 10 size cans which 
were combined into one composite sample 
for analysis. 

The ascorbic acid and carotene analyses 
were performed by Pressley, Ridder, Smith, 
and Caldwell (J. Nutrition 28, 107 (1944)) 
at the Arizona Agricultural Experiment 
Station. The Morrell modification of Bes- 
sey’s photoelectric method was employed 
- for vitamin C determinations. The Moore- 
Ely method for carotene was used for the 
fruit and vegetable products, and the Dann 
and Evelyn modification of the Carr-Price 
reaction for vitamin A in the fish products. 
Useful commentaries on the methods em- 
ployed are provided in the original report. 
Canned orange and grapefruit juice were of 
course found to be the best sources of as- 
corbic acid (averages of 39.4 and 33.8 mg. 
per 100 ml., respectively), followed by grape- 
fruit segments packed in syrup (24.6 mg. 
per 100 g.). Tomatoes, tomato juice, as- 
paragus, and spinach were next in ascorbic 
acid potency, ranging in average values from 
16.5 to 11.4 mg. per 100 g. The range of 
ascorbic acid values for a given product 
varied widely; the 79 samples of tomato 
juice, for example, ranged from 2.5 to 25.2 
mg. per 100 ml. with an average of 12.9. 
Other products also varied widely in the 
vitamin content of the individual samples. 
Carrots, spinach, and apricots proved to be 
the richest sources of carotene, while salmon 
and sardines were richest among the fish in 
vitamin A value. Certain general trends 
were noted. For example, canned cling- 
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stone peaches were better sources of both 
ascorbic acid and carotene than freestones. 
Red salmon was a better source of vitamin 
A than pink, yellow corn a better source of 
carotene than white, and green asparagus 
was richer in carotene than the culturally 
bleached type. 

Thiamine and niacin assays were per- 
formed at the University of Wisconsin 
laboratories by Ives, Wagner, Elvehjem, 
and Strong (J. Nutrition 28, 117 (1944)). 
Thiamine was determined by a thiochrome 
method based on Hennessy’s procedure, and 
niacin by the microbiologic method of Snell 
and Wright. Peas and asparagus, among 
the vegetables, were particularly rich in 
thiamine, while the fruits, pineapple and 
orange, were fair sources. A 100 g. portion 


‘of the richest of these canned foods would 


provide 5 to 10 per cent of the recommended 
daily allowance of thiamine. The thiamine 
content of peas appeared to be somewhat 
(11 to 14 per cent) higher in the late season 
packs than in the early packs. The richest 
sources of niacin were the fish products con- 
taining 5 to 10 mg. per 100 g., while the 
richest vegetable product (peas) contained 
only 1 mg. per 100 g. No correlation was 
noted between thiamine or niacin content 
and can size, harvest time, or pH of the 
product. Although the range of vitamin 
values is wide, this is due to relatively few 
samples. For example, in one instance it 
was stated that 88 per cent of the niacin 
values for peas fell within a twofold range, 
but the extreme range was sixfold. 
Riboflavin and pantothenic acid assays 
were delegated to the University of Texas 
Biochemical Institute laboratories (Thomp- 
son, Cunningham, and Snell, J. Nutrition 
28, 123 (1944)). Both vitamins were de- 
termined by microbiologic methods; ribo- 
flavin by the method of Snell and Strong, 
and pantothenic acid by the procedure of 
Pennington, Snell, and Williams. For both 
of these B-vitamins, fish products were 
again the best sources. Asparagus, peas, 
and corn were fair sources of pantothenate, 
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while asparagus, peas, and spinach were rich 
among the vegetables in riboflavin. Here 
again the investigators comment on the 
great variation in vitamin content of samples 
of a given product, although it is stated that 
the great majority of samples do not show 
such a great variation from the average. 

The last paper of the series (Brush, Hin- 
man, and Halliday, J. Nutrition 28, 131 
(1944)) was concerned with the distribution 
of ascorbic acid, thiamine, and riboflavin 
between the solid and liquid portions of the 
canned fruits and vegetables. All 3 vita- 
mins were determined by chemical methods, 
ascorbic acid and thiamine by methods al- 
ready mentioned, and riboflavin by the 
Connor and Straub procedure. In general, 
the solids of the canned fruits and vege- 
tables comprised 60 to 73 per cent of the 
total can contents. These solids contained 
46 to 68 per cent of the total ascorbic acid, 
62 to 72 per cent of the thiamine, and 70 to 
80 per cent of the riboflavin. It is evident 
that it would be poor home practice not to 
utilize the fluid portions of the can contents 
since large percentages of the water soluble 
vitamins would thus be discarded. 

No doubt careful examination of the de- 
tailed data will reveal reasons for the ex- 


tremely low and high vitamin values in the 
products obtained from certain regions and 
canning practices, and may result in pro- 
cedures which will raise the average nutritive 
values and possibly narrow the ranges of 
values observed in these studies. Neverthe- 
less, in view of wide differences in climatic 
and soil conditions, varieties of fruits and 
vegetables used, and horticultural practices, 
a great variation in the vitamin content of 
raw foods and hence processed foods seems 
inevitable. Such variations represent one 
of the difficulties in the estimation of a 
specific dietary intake from the average 
figures recorded in the literature. How- 


ever, the values obtained in these studies are 


valuable since they represent data not 
available heretofore. Undoubtedly they are 
representative of those which might be ex- 
pected in the diet of a large number of 
people, and it would be useful to have similar 
information on other classes of foods. 
Since sound nutritional practice advocates 
the use of foods rather than synthetic and 
commercial vitamin mixtures as a source 
of nutritive principles, it is desirable that 
research on food composition and the 
effect of various types of processing on 
nutrient content be vigorously pursued. 


SUBCLINICAL VITAMIN DEFICIENCY: THIAMINE 


Because most examples of full fledged 
deficiency disease result from protracted 
rather than brief dietary deprivations, a 
study of the developmental stages of various 
syndromes is of importance. In human 
beings such studies may be undertaken 
in the naturally occurring socio-economic 
habitat of particular types of malnutrition 
or may be carried out by changing the en- 
vironment of previously normal subjects 
by putting them on diets variously de- 
ficient. One study gives a picture of 
multiple or mixed deficiencies without sharp 
outlines, a picture which is placed against 
the hazy background of only partly known 


past diets, valuable because it represents 
the reality of complicated but naturally 
existing disease. The other type of in- 
vestigation may reveal sharply defined out- 
lines in a picture where the foreground at 
least is clear. Among the advantages of 
the second type of investigation are the 
precise control of diet, the possibility of 
multiple observations at different stages 
of depletion to compare with the earlier, 
normal states, and the exact quantitative 
analysis of blood and urine. Thus, the 
study of vitamin deficiency induced in 
normal persons permits scrutiny of sub- 
clinical vitamin deficiency disease. 
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This method has been followed by Hulse 
and co-workers (Ann. Int. Med. 21, 440 
(1944)) who were interested in determining 
whether measurable changes in either ex- 
tracellular or intracellular thiamine con- 
centrations occurred in subclinical thiamine 
deficiency. During the late fall and early 
winter, 6 normal male students, 20 to 25 
years old, consumed a 2700 to 3300 calory 
diet containing 2000 nonfat calories and less 
than 0.2 mg. of thiamine for eighteen days. 
Changes in cellular thiamine concentration 
were measured by the yeast stimulating 
activity of skeletal muscle obtained by 
needle biopsy. Concentration of muscle 


thiamine, chiefly intracellular, was expressed " 


in terms of another chiefly intracellular 
component, phosphorus, rather than wet 
weight of muscle. Changes in extracellular 
thiamine concentration were followed by 
use of similar procedures on fasting blood 
plasma. Urinary secretion of thiamine was 
measured by the thiochrome method. 
Blood pyruvate and lactate were measured 
fasting, before, just after, and on recovery 
from a ten minute treadmill walk at 3 
miles per hour up an 8° slope. Air samples 
were analyzed for carbon dioxide and oxy- 
gen. Clinical status was estimated from in- 
quiry, observation, and daily weight. Four 
subjects continued their schoolwork; 2 
walked 15 to 20 miles daily. Clinical evi- 
dence of thiamine deficiency, chiefly a decline 
in the sense of well-being, correctable by 
thiamine, was present by the end of the 
second week. The symptoms were not 
sufficiently obvious to be detected in a rou- 
tine medical examination, but were manifest 
in a group under controlled conditions where 
the subjective element of health was scru- 
tinized. The biochemical abnormalities in- 
cluded a decrease in the yeast stimulating 
activity of (1) plasma, (2) skeletal muscle, 
(3) a decrease in the urinary excretion 
of thiamine, and (4) an impaired capacity 
to metabolize pyruvate. It is reasonable to 
assume that during thiamine deprivation at 
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a stage which is still subclinical there is a 
decrease in circulating, extracellular thia- 
mine, decrease in its excretion and in its 
storage in cells, and a disturbed pyruvate 
metabolism. As long as these changes 
parallel one another, or in so far as their 
relationship to one another is fixed, the 
study of any one tissue content or excretion 
rate should give an adequate picture of the 
stage of depletion or the degree of unsatura- 
tion. This appears to be true where a 
patient or subject serves as his own control, 
and his biochemical status in time of health 
can be compared with that which occurs 
during depletion. One of the main pur- 
poses of biochemical studies of vitamins in 
the body and excretion is to find absolute 
values which represent depletion, and to 
classify them at least roughly in order of 
severity. The data from the few cases stud- 
ied by these workers show different rates of 
change in thiamine levels and different ab- 
solute values after identical periods of pre- 
sumably similar degrees of depletion. For 
this reason such determinations in their 
present state of development appear to be 
tools for further experimental study rather 
than diagnostic aids in the appraisal of 
exact nutritional status of the individual 
patient. 

The authors are well aware of the limita- 
tions in the tests they used and the lack 
of complete interchangeability. They give 
their reasons for belief that thiamine ex- 
cretion reflects the concentration of freely 
diffusible extracellular thiamine and that 
blood pyruvate levels give an indication of 
the concentration of fixed, enzymatically 
active, intracellular thiamine. Since renal 
function affects thiamine excretion and 
variation in carbohydrate metabolism af- 
fects blood pyruvate, studies of these mo- 
dalities are applicable only to normal 
persons. Plasma and muscle analyses have 
a wider range of application since their 
interrelationships and normal ranges are 
better known. 
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NOTES 


LETTERS TO THE EDITOR 


Dear Sir: 

The Letter to the Editor from Professor 
W. J. Dann, published in the October 1944 
issue of Nutrition Reviews, deserves atten- 
tion because of the importance of the sub- 
ject and the. propriety of the author’s com- 
ments. 

The statement that “maximum require- 
ment” is a “meaningless concept,” can be 
applauded, but what of the more common 
terms “minimal” and “optimal require- 
ments”? Neglecting the criticism of the 
grammarian about the latter expression, the 
essential question must be asked: Require- 
ments for what? The usual answers seem 
to be something like this: Minimal require- 
ment—the least amount, with no margin 
of safety, compatible with health, and, 
optimal requirement—the amount needed 
for “optimal’’ health, with a large, but un- 
specified, margin for safety. Other variants 
may be substituted but almost universally 
they involve concepts like “health” or 
“fitness” which themselves notoriously defy 
exact definition. 

It is not surprising that many people seek 
refuge from such ambiguities by adopting 
the National Research Council Recom- 
mended Allowances as ‘‘requirements,”’ in 
spite of the explicit disclaimers issued from 
2101 Constitution Avenue, and thence 
arises fruitless controversy. The fact is 
that some champions of the new science of 
nutrition fall into the oldest error in scien- 
tific method, that of disputation without 
definition. 

Issue can be taken with Professor Dann 
when he states: “It is not yet possible to 
deduce the existence of a vitamin deficiency 
from knowledge of a daily intake less than 
some more or less arbitrarily fixed amount. 

..” Certainly this is possible if the “fixed 
amount” is set low enough, say 0.2 mg. of 


But no one is interested in these levels and 
almost all deductions are actually made 
precisely in the zone of intake where the 
data are most obviously inadequate. 

Unfortunately it seems to be the case that 
many dietary surveys are motivated more 
by sociological rather than by strictly scien- 
tific interest. By all means let us have more 
dietary surveys but let us hope that these 
will be real nutritional surveys from which 
the relation between quantitative nutrient 
intake and medical findings may be deduced 
from the simultaneous observation of the 
two sets of variables. 

Tables of the population percentages 
getting “‘good,” ‘‘poor,” and “bad” diets 
have their propaganda value but we must, 
as scientists, admit the possibility of nu- 
tritional health being attainable without the 
habitual use of all the “‘basic seven” foods 
or with midday meals which fail to provide 
one third of N.R.C. recommendations for 
the day. 

The pages of Nutrition Reviews each 
month admirably document the progress of 
nutritional research and, equally important, 
point out problems and uncertainties. The 
uncertainties in the case of the vitamin 
“requirements” of man are apparently al- 
most coextensive with the total range of 
ordinary dietary intakes in the northern 
part of the United States. To narrow this 
zone of uncertainty is a major task for 
scientific nutritionists. 

Very truly yours, 

Ancel Keys, 

Director, Laboratory of Physiological 
Hygiene, 

University of Minnesota, 

Minneapolis. 


Edema of Malnutrition in France 
Toward the end of World War I nutri- 


thiamine or 5 mg. of ascorbic acid daily. tional edemas developed in a number of 
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European countries as a result either of a 
general famine or a relative deficiency of 
protein in the diet. The situation was par- 
ticularly severe in Germany and Austria 
where several authors described the symp- 
toms. During the past three years similar 
reports have been published in France. 
For example, Gounelle, Marche, Bachet, 
and Digo (Bull. de Vv Acad. de Med. 126, 
459 (1942)) have made a detailed study of 
the terminal stages which are characterized 
by coma and a severe hypoglycemia. A 
series of nutritional studies by Gounelle, 
Bachet, and Marche (Presse Medicale no. 38, 
558 (1943)) revealed the very great im- 
portance of dietary protein. 

These reports indicate that nutritional 
edema has once again become a problem in 
practical nutrition in wartorn countries. 
One would, however, like to know the per- 
centage incidence of edema among groups of 
people on substandard diets. Apparently 
not everyone on such a diet develops an 
edema, and there are numerous recorded 
examples of people who have lived on diets 
containing low amounts of protein without 
any abnormality whatever resulting. Of 
course, the quality of the protein ingested is 
important. Furthermore, while protein is 
no doubt the principal factor needed for 
the prevention of nutritional edema, other 
deficiencies in the diet, particularly calories, 
also contribute to the end result. 

Anemia in Britain 

Work by Fullerton, Mair, and Unsworth 
(Brit. Med. J. 2, 373 (1944)) on the hemo- 
globin levels found among the lowest 
economic classes in Aberdeen is of particular 
interest because it repeats studies made a 
decade ago in the same area, and permits 
comparisons to be drawn between that time 
and the present. The 1944 report covered 
1177 subjects, none below the age of 2 years. 
An improvement was observed among 
preschoolchjldren and among adult women. 
On the other hand, among adolescent girls 
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there was considerably more anemia than in 
1935, and the average hemoglobin level had 
fallen from 13.0 g. to 11.2. The authors 
suggest that the higher hemoglobin levels 
found in 1944 may be due to the greater 
iron content of the ‘national bread,” but 
this seems doubtful for two reasons. In 
the first place, such an explanation would 
fail to account for the decrease in hemoglobin 
levels among adolescent girls. Secondly, 
it has been shown by Widdowson and 
MeCance (Lancet I, 588 (1942)) that brown 
bread made from flour of 92 per cent ex- 
traction, although containing more iron 
than white bread, permits only a small 
absorption of iron from the intestine, and 
the same would presumably be true of the 
national bread made from 85 per cent ex- 
traction flour. 

A more acceptable hypothesis would be 
to trace the changes to the quality of the 
diet as a whole, since Leverton and Marsh 
(J. Nutrition 23, 229 (1942)) demonstrated 
that the amount of iron absorbed depended 
not only upon the iron content of the diet 
but also on its adequacy in other respects. 


Recent Nutrition Books 


Wheat Studies of the Food Research Institute. 
Helen C. Farnsworth and V. P. Timo- 


shenko. Stanford University, California 
1944. pp. 209. 


The Amino Acid Composition of Proteins and 
Foods. Richard J. Block and Diana 
Bolling. Charles C. Thomas, Spring- 
fields, Illiois. 1944. pp. 396. 

Advances in Protein Chemisiry. Vol. I. 
Edited by M. L. Anson and John T. 
Edsall. Academic Press, Inc., New York. 
1944. pp. 341. 

Energy Relationships in Enzyme Reactions. 
Joseph S. Fruton, Erie G. Ball, Max 
Bergmann, Herman M. Kalckar, Otto 
Meyerhof, and Carl V. Smythe. An- 
nals of The New York Academy of 
Sciences, Vol. XLV, Article 9. 1944. 
pp. 357. 
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THE: NUTRITION FOUNDATION 
The Nutrition Foundation was organized by manufacturers of the food industry to carry 


outa program of public service. 


The purposes of the Foundation are: 


The development of a comprehensive program of fundamental research, providing basic information 
in the science of nutrition. 


2, The development of an educational program, to facilitate the widest possible usage of what i is known 


in the science of nutrition. 


The Foundation functions chiefly through grants in sipport of fundamental research to 


universities having strong graduate schools in the natural sciences, or to medical centers where 
are opportunities for outstanding research. 


The grants approved to date include: 


‘ Studies of the human requirements of specific nutrients; 

. Studies of the origins and functions of individual nutrients in living cells; 
. Studies of maternal and infant nutrition; 

. Studies of health problems in nutrition; 
. Projects re 


. Nutrition studies related directly to the war. 


ating to education and professional training; 


The Board of Trustees is the governing body of the Foundation. It determines its admin- 


istration, establishes its policies, governs its conduct, expends its funds, and in all ways man- 
ages its affairs. 


The Board shall at all’ times indlude representatives of the general public to assure its 


public contest and it shall be organized to secure its public conduct. 


The public trustees include: 
F. G. Boupreau, GLEN Kina, 
Chairman of Food and Nutrition Board, | Scientific ‘Director, The Nutrition Foundation, 
_ National Research Council Inc 
UGH irman 
O. C. Carmicnakn, PARRAN, al, U. S. Public Health 
W. C. Correy, President, The Nutrition Foundation, Inc. 
President, Universtty of Minnesota Ray Lyman Witaur 
‘Kat T. Compron, Chairman Chancellor, Stanford University 


M. L. 
pt mye Massachusetts Institute of Tech- Chief, Nutritionand Food Conservation Branch, 


F Distribution Administration 
Westey Dunn 


and counsel of the Scientific crs amen Committee: 


Srepuen 8. Wiss, 
Rabbi, Free Synagogue 


. The quality and independence of the research program is safeguarded by referee action 


Member of the New York rey 


F, G. Boupreav, Lypia J. Roperts 
Milbank Memorial Fund University of Chicago 
C. A. Envensem W. C. Rose, 
University of Wisconsin — University of Illinois 
Icre M. Hoosier, W. H. 
und of Michigan National Institute of Health 
Surgeon General’s One, | U.S. Army H. C. SHerman, 
L. A. MayNarp, Columbia University 
Cornell University 7 V. P. SypensrrRickeEr, 
E. ¥, McCoiivum, University of Georgia 
Johns Hopkins F.F.T 
J. R. U Toronto 
University of Rochester niversity of 
C. Newron, R. R. Wii1aMs, 
Industry Bell Telephone Laboratories 


Officers'of the Nutrition Foundation 


Karu T. Compton, Chairman of the Board of Trustees 
George A. Sioan, President 

Cuartes GLEN Kina, Scientific Director. 

Executive Secretary 
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